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18 100 ho, Joon Lordſhip 8 Foyer 
alone that I owe. the Leiſure 


which I have been able to allow my ſelf 


in Tranſlating this Book; ſo no one 
has à better Claim to it than Lou; and 
might juſtly - have been thought un- 
grateful if I had not dedicated it to 
Your rr It is to You, therefore, 

A 2 my 


ive DEDICATION. 
my Lord, that the Reader is beholden, 
for” this excellent Treatiſe of Water- 
Works ; which muſt be the more ac- 
ceptable , becauſe nothing has yet ap- 
pear'd in Eugliſb upon this Subject, but 
what has been altogether trifling and 
imperfect. Among the Arts and Sciences, 
which Jour Lordſbip has always cheriſh'd 
and countenanc'd, Experimental FPhiloſo- 
pby (to which I have more particularly 
apply'd my ſelf, ) has met with ſo much 
Encouragement, that I think it is not 
ſufficient to acknowledge my Obliga- 
tions to my Patron in a publick Man- 
ner, unleſs I daily endeavour to pro- 
duce {omething worthy his Acceptance. 
So when Virgil's Shepherd had been re- 
ſtor'd to his Flocks by the Favour of Au- 
2A he does not think it enough to 


Deus nobis hæc otia fecit. 


«fy But adds, 1 Fs 95 0" Tins Ar an 


- 


Sepe tener noſtris ab ovilibus imbuet agnus. 
= 2 I ſhould 


DEDICATESON. - © 
I ſhould be tempted to apply the 
Poet's Character of that Emperor to 
Tour Lordſhip, were I not aſſur'd that no 
one who has heard of Your Name, can 
be a Stranger to Your excellent Qua- 
lities ; and that You hate Praiſe as 
much as You deſerve it. 


I am, 4 


My Lox D. 
Your Lordſhip's 
Moſt oblig d, 


Moſt humble, and 


Channel-Row, Weſt- 


minſter, June 24. 
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4 Moſt obedient Servant, 


J. T. DesAGuLIERS 
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CELEsLLLELLELLLESESS 
" Monfieur De la H 1K E's 
PREFACE 


CUCH as have hitherto treated of Hydrau- 
8 lics, bave given us very curious Obſerua- 
tions concerning the Gravity, Velocity, and ſe- 
veral other Properties of Water. Monſieur 
PaſchaFs Treatiſe of the Equilibrium of Li- 
quors, is one of the moſt conſiderable, as well 
on account of his fine Diſcoveries, as of his 
clear and convincing. Manner, of demonſlr ating 
every Property; which makes us not doubt but 
that fo great a Genius would have certainly 
exhauſted this Subject, if he bad examin'd all 
the Parts of *which it is made up. | 
Monſieur Marriotte bad been for many Tears 
applying himſelf with more than ordinary (ire 
in making the Experiments which are in Mon- 
ſieur Paſchal's Treatiſe, to ſee whether he night 
not bave neglected ſome particular Circumſtances, 


2 obich it migbt be worth bis while to examine 


44 anew, . 
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anew, And indeed in making the Experiments, 
be bas made ſeveral Obſervations which are nat 
to be met with in Monfieur Paſchal's little Book, 
nor in any ot her written before: This inſenſibly 
engag d our Author in that Part of this W. ork 
tobich is the moſt uſeful, as the Meaſure, and 
what is call'd the Ex pence of Water, accordin 
to the difjerent Heights of Reſervoirs, and bf 
ferent Ajutages. Ihen be ſbe tos what Caution 
is requir'd in the conduct ing of Water; and 
after being treated very ns, of the Reſiſtance 
of Solids, be ſpeaks of the Strength requir'd for 
Pipes which are to ſuſtain different Weights of 
Water. He had an Opportunity of making ſeve- 
ral Experiments of that kind at Chantilly, be- 
fore his Royal Higbneſs: the Prince, where the 
great Quantity of Water, and the Height 
the Reſervoirs, enge him with all the Means 
neceſſary. He likewiſe made ſeveral at the Ob- 
ſervatory before the Members of the Royal Aca- 
demy. All thoſe Experiments examin d, and re- 
duc d to Method, are the Materials of this 
* SA n . . 
» When he firſt fell ſick of the Diſeaſe of which 
be died, be. 22 —— ho . — of the 
Printing of this Book, leaving me the Liberty 
of changing, or leaving out what I ſhould think 
ft ; but I thought it better to communicate it 


to the Publick fuch as be wrote it, than to add 


am thing of my own. Nevertheleſs, I bad 
- undertaken to haue alter d any thing, it ſhould 
l „ ro N A | have 
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haue been with the Advice of the whole Aca- 
demy, which be himſelf would have conſulted 
upon any Difficulty. 1 

Half this Work was written fair enough for 
the Preſs ; but I had no ſmall Trouble in put- 
ting in Order * Memoirs as were given me 
after bis Death. 1 
I have, as far as in me lay, endeavourd to 
haue nothing obſcure or confus'd in the laſt 
Parts, and preciſely to follow the Order that 
be propos d; nevertheleſs, I haue not dar d to 
explain all the difficult Places, leſt I ſhould 
wander from his Notions, or, perhaps, become 
darker my 165 . 

I bad alfo reſolv'd to have added at the End 
of the Book ſome Remarks that I had made 
upon ſome Places, which might baue explain'd 
or confirm'd what the Author advances ; and 
among others, from Archimedes's . to 
have given the Demonſi ration of the Mechani- 
cal Problem, where the common Proportion is in- 
verted; with ſome Obſervations that I haue 
made upon the Origin of Fountains, and the 
Riſe of Vapours ,, but I haue judg d it moſt fit 
to give them ſeparately, with ſome. other Eſſays 
of Phyſicks, than to ſwell this Book. with my 
own particular Thoughts, 3 
I had not ſo long deferr d the Printing of this 
Book, if I had not been binder d by Things 6, 


ba onſequence, which Monheur de Lou- 
ois did me the Honour to ſer me about. He 
« 1 17 N + ; ; OE JE OS bad 


* 
* 
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bad bimſelf conſider d, that the River Eure, 
from its Head, to the Place where it falls into 
the Seine, near the B 6. 5 calPd the Pont d' 
Arche, up to which the Tide reaches, only goes 
thro' 45 Leagues; and that from the Springs of 
that Head ſome Brooks ran with great Swiftneſs 
to meet the Huine, and ſo in the Loire quite to 
the Sea, at about 20 Leagues Diſtance from the 
common Source; that the Stream is very rapid, 
appears alſo from ſeveral Mills that it turns 
= judg d therefore that the Eure muſt have a 
very conſiderable Declivity. And a little after 
Monſieur Marriotte*'s Death, he order d me to 
tale the Level of that River, in reſpect of the 
Caſtle of Verſailles. Tho' the Diſtance between 
that Caſtle and the Place where the Height of 
the River might be conveniently taken, was a- 
bove 20 Leagues, yet my Levels taken thro dif- 
ferent Roads, is repeated, have perfectly 
"agreed, and ſhewn me that this River may be 
"eaſily conducted to the Height of the Caſtle of 
Verſailles ;. and that at zee. 7 Leagues 
above Chartres, it is 110 Foot higher than the 


bigbeſt Ground above the Caſtle. _ ey 
Running Water conducted in an Aqueduct, is 
certainly to be preferr d to Water rais'd by En- 
gines, becauſe Repairs, which binder the coming 
in of the Water, are not ſo often needed, and 
the Water may come eaſily, and in great Plenty ; 
But as in ſome Caſes Engines are very uſeful, 
and altogether neceſſary for raiſing Water, it 


were 
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were to be wiſh'd that Monſieur Marriotte had 
left us in Writing his Opinion concerning the 
diſſerait Pumps and other Engines which are in 
uſe" or which have only been propos d for that 
"Purpoſe ;, with an Examination of them, and a 
Calculation of what Quantity of Water each 
kind will raiſe, and bow they are made uſe of 
according to different Circumſtances. He often 
aſſur d me, that be intended that Subject for 
one Part of this Treatiſe ;, but I found ren 


of it in his Minutes fit to 'be publiſb d. He bad 


often chang'd the Order of the Parts f this 
Work; but at laſt, a few Days befure his Death, 
he gave me = follo owing Diviſion, *which has 
As of great on fo me, eſpecially in making up 
the laſt Parts a 
The Book, containing a great Nane of Ex- 
periments, and ſeveral Rules which are deduc d 


from them, with Obſervations upon the ſaid 


Rules; I choup t proper to ſubjoin à very am- 
ple Table, aha the Plgges which treat of any 
thing we have occaſion F, r, may be eafily found. 

This whole RR is divided into £06 

Part. | | | . PE Is Ah > 

\ The Firſt Part! dais „ Three Diſcourſes" 

I be Firſt Diſcourſe treat of June. Proper 

ties of Fluids. © 
The Second, of che Origin of Fount Sins or 

Springs. 

1 ＋ bird, Of the Cauſes of Winds. 


The | 


1 
[i 
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The Second Part contains Three Diſcourſes, 


.. The Firſt, concerning t ilibrium 0 
Fluids by a Weight. 5 7 . LM 
The Second, concerning 850 Equilibrium of 


Fluids b by oboly Spring. 
The T E the att of 


| bird, concernin 
Fade by their Impulſe. 


The Third Part contains « Four Difourkh, 
The Firſt, of the Inches and Lines which are 
the Meaſures of running and 1 Water. 
be Second, of the Meaſure 0 Semi Wa- 
ter, according to the different Heights of the 
© Reſervoirs. 


be Third, of the Meaſure of Spouti a. 
ter thro 4 —.— of different Bores. 82 


e the the Meaſure of running Water, 


| The Fourth th Part con ins Two Diſcourſes. 
Firſt, of the tef perpendicular Jets, 
\ » The Sec — of the Heig ”; oplaque Tel, f 


The pifth pan contains Three Diſcourſes. 

The Firſt, of Pipes of Conduct. 

The Sec of the 3 ance of Solids, of 
the Strength of Solids, and of the Strength of 
Foe to be Mater. 

The Third, * rhe FRA bla, ** W ater, 
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Eoncernitg ſeveral Properties of Fluid Bodies, 
the Origin of F ountains, * the n of 


Winds. T £ $6 tolls * 
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Of ſeveral Properties of F ud Bs. Page 1 


F He natoral Stats of Wato i to be fe. 
Of the Parts of Water chang'd into Air. 3 
An 5 to ſhew that Air inſimuates into Water 


Spirit Wine, 
4 4 | Obſer- 


r ————— 2 1 


xiv. A Table of the chief Matters 


Obſervations concerning the Formotion of Ice ; and why 
it cracks. Page 6 
the fulminating Matter in Matr. 8 
Obſervations an Conjeftures pon the Vi Viſcouſueſs of 
oP Fluids, a 10 
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eon I 
Of the Re of en 13 


* Shs 
2. 


alen, to the ObjeBtions — the Orig o 
ors, upon the apa e and N -4 ſome avis. 
18 


Of Springs and Lakes upon the Tops of bigh Mad 
I 
Obſervations upon the Quanti ty of Rain-Water. — 2 * 


A . f the Water 5 4 to ſupply the Seine, 
f 2 


Dis 00 URSE, III. 
Of the Original Cauſes of Winds. 23 
ec ans * es Wind. ; 29 
As Ovfrs eee concerning 2 at the Holes of the 
Lime Nil 37 
ke narks pon th the Revolution of the Winds at Paris, and 
out ꝛ⁊t — "0 

An 333 upon the Motion of the Air. 


Of. the Cauſe of Whirlwinds. | 

Of the Cauſe of the different Direction: of the Winks, 
and of the Sinoak of ſome Chinmeys. 41 

An Explanation my Storms and Hurricanes, io 
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contain'd in this Treatiſe. XV 
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Of the Equilibrium of Fluids. 
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Diss cob n „ L 
* the — of laid by their Gravity. 


. Page 53 

Tt general Mochaiiical Nb 60 
4 of the Air. Gravity. 6 

Mater. WET 68 

A Rule for the Equilibrium of Water by zts Weight. ibid. 

An Experiment of the Equilibrium of Water. 69 

A Rule concerning the Equilibrium of different Liquors 

by their Weight + 79 


Firſt Rule, concerning the Eq uilibrium of ſolid Bodies 
boſs per iet Gravity is leſs than that of Water. gf 

A Property of Water, whereby it flicks to, or flies from 
ſome Bodies. | 


82 
The Reaſon why ſome Bodies, ſpecifically beavier than 


Water, ſwim upon it. 


Congeal'd Subſtances are bghter than the ſame melted. 87 
ibid. 


The Application of the foregomg Rule. 

S-cond Rule, with Remarks. 89 
Third Rule for Bodtes ſpecifically heavier than Water. — 
Fourth Rule. 


An Experiment to ſhew that [ok ome Bodies (1 bet lighter 


than Water, may, in nn es, £0 to the Bot 
'. * Fol of it. 93 
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of the Equilibrium of Fluids by their Spring, 
| 96 


Of the Be of the Condenſation of Air. ' 97 


Of the Rarefadtion, or Dilatation _ Arr. rt. A. 
Gr 2 Utes 


* — r 


xvi A Table of the chief Matters 
Rees for caifn raiſing m_ in Sucki ng Pumps. Page 104 


the Sprin TS the Air. 109 

The? Miſtake of of thoſ ſe who hk Gr dots not weigh upon 
Bodies under it. 110 
Of the yy of the Flame of — 113 


oy DIS E III. 
or the Eguilibrium of Fluids by their Im- 


pulſe. ; 116 
Firſt of the Impulſe of Flam ibid; 
Khor Shock of Dupe of 5 and Water. 11 
Firft Rule concerning the 2 of Jets d Eau. ibid. 


the Acceleration of the . falling Badies. 1 18 
5 Firft Drops We Water run — ſlowly at the mY F 


ipes. 
Second Rule concerning the Equilibrium the Impulſe 
. which ſtout downwards. 1 I 25 
d Rule concerning the Equilibrium of Jets in a * — 
tio of the Heights of the Reſervoirs. x 125 
A Conſequence for the Velocity of Jets d Eau, which are 
mn à fubduphcate Ratio of the Heights of the yer 
voirs. * 
Fourth Rule c ncernimg equal Fets, which having un⸗ 
Violbcities, ſuſtain gry by their Impulſe be. 
to one another in a Quphcate Ratio of the ſaid Vo. 
bacities. 128 
An Experiment. to pune the Force of the Air's 1 


A Conſe to ſhew the Profortion of the Tims of 2 
3 the Air _—_— ED al Cylinders _ 
| n s, the Cylinders being 922514 by _ 
131 

Fifth Rule, for Jets of 9 Velocity ty, but unequal 
Bigneſs ; " which, by their ſuftain We'ghts that 
ere to each alone atio of the Holes. 132 
Of the Weight of a Cubic Foot of Water, and the Number 
of Pents which it contains. 133 
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Eb to mM nechers ys Pelocit and Force of the Impulſe of 
Water. Page 1 34. 

Of the 2 ce of the Wheels. of the Mills upon the Seine 
136 


| Experiments for . finding the Veleciti Jes of running Waters, 
as well at the Bottom as at the Surface. I37 
A S of 'the Force. of the Mill-Wheels upon — 
ne, 
The Force A; the Impulſe of the Wind againſt the Sail * 
a Wind-Mill: 140 
The Impulſe of the Wind agtinſt the Sails of a Sp. 


A Compariſon bf the Force of Wind- Mill with the 11 


the Seine. 
eſcription and C of f. erat e 
. ta go round iu all manner vf Winds. 
How to caltulate the Velocity of the Wind, that is 47 
to blow down Trees, and other upright Bodies. 14 
How to increaſe the Force of a determmate 1 . 
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Concern ing Running and Spouting Waters. 
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Of 6 the Inches and-Lines of Wer by which 
the Meaſure of Running. and Spouting Was 
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F At. Experiment to determine what Quantity of Water 
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Difficulties in the for Experiment. 15 
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"Holes. 15 
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8 ſes WIGS > 
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Second Experiment. wm 
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Reſervorrs, + tir an Ajutape 'of three Liver in Dia- 


meter, in a Minute. 169 
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PART L 


< oncerning ſeveral Properties of Fluid 
- Bodies, the Origin of Fountains, and 
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D ISCOURSE I. | 
Concerning the ſeveral Properties o oh Fluid 


| Bodies. 


IR and Flame are Fluid Bodies ; 
Water, Oil, Mercury, and other 
Liquors, are Bodies both Fluid and 
Liquid; for every Liquid is a Fluid, 
but every Fluid is not a Liquid. 
By a Liquid I mean ſuch a Fluid as 


being i in a more ſufficient | Quantity, will flow and 
| extend 
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extend it ſelf under the Air, till its upper Surface 
be level; and becauſe: Air and Flame want that 
Property, I ſhall not call them Liquids, but only 
Fluids. Hardneſs and Firmneſs is oppos'd to 
Fluidity ; a hard and firm Body, as Iron, Stone, 
Sc. is divided or paſs d through by other Bodies 
with Difficulty; and when it has been paſs d 
through, its ſeparated Parts do nor Join apain. 
On the contrary, Fluids are eaſily paſs'd through, 
but their ſeparated. Parts immediately reunite; and 
in this Fluidiry conſiſts For this Reaſon fine Sand 
may be call'd a Fluid, but not a Liquid; becauſe 
it does not run or flow upon a Plain ſomewhat 
inclind, and when a Veſſel is fill'd with it, the 
upper Parts do not of themſelves run to a 
Water is moreover call'd Moift or Humid by 
ſome Philoſophers, but improperly; becauſe it is 
only that which is moiſten'd or wet by Water, 
which may properly be call'd Humid ; and in that 
Senſe the Air is Humid, when fill'd with aqueous 
Vapours. Dryneſs is contrary to Humidity ; and 
a Cloath which is faid to be Humid when it is wet, 
is faid to be Dry, when the Water wherewith-it 
was wet is evaporatel. 
Water is Hard and Liquid ſucceſſively. Its na- 
tural State is to be an Ice; that is, when no Ex- 
1 acts upon It, it remains Firm, and not 
. 

It becomes Flowing and Liquid by a moderate 
Heat, and at the fame time ſome of its Parts riſe | Wat 
up in Vapours ; that is, in ſeveral little Drops] neo 
which are ſeparate from one another; and fo ſmall, | mof 
that the Eye —_— — them ſingly. Expe-| it « 
tience proves this; for if -you”throw 4 burning | age 
Coal into Water, at firſt you N ſee a thick 2 5 

; 8 ariſe; 
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ariſe but when it is ſo far ſpread in riſing, that 
the little Particles of Water are ſeparate from one 
another, you cannot perceive any of m. 
Thick Vapours are ſometimes viſible, and Swe 
times inviſible, according as their ſmall Particles ate 
greater or leſs, more or leſs agitated. When they 
are Viſible, ' and near the Earth, they are call'd 
Miſts; and Clouds when they are higher. More 
Vapours riſe in a great, than in a moderate Heat; 
tho they will riſe in a ſmall Heat; ray, even when 
dhe Water is frozen. I have obſerv'd; that Tw 
Pounds of Ice, in Extreme cold Weather, loſt about 
Two Drams' à Day of their Weight: Whence we 
5 — infer, that when the Water begins to freeze, 
1 it ſtill retains ſome ſmall Degree of Heat; as Lead 
retains pretty much of its Heat, when it begins to 
harden after it has been melted. 

There ate in Water ſome dung and hetero- 
geneous Parts, which are chang d Tat Air by 2 
great Heat; as when you ſet a Veſſel of Water upon 
the Fire, you may ſee ſeveral ſmall Bubbles of Air 
4 | form themſelves at the bottom of the Veſſel, and 
afterwards riſe up to the top of the Water. It is 
it not to be ſuppos d that they ſhon'd proceed from 

the Flame which might paſs through the Veſſel, 

23- | becauſe ſuch Bubbles do not riſe in Oil, when it 

x- | has heen left a little while upon the Fire, to eva- 

ot —.— its moſt aqueous Fats, not even though the 
afterwards increas d. 

Such kind of Bubbles are 2115 form'd in the 
Water when it freezes; and becauſe this Heteroge- 
neous Matter, which I call Aerial Matter, takes up 
moſt Space when it is reduc d into Bubbles of Air, 
it endeavours to extend it ſelf; and el, no 'Paſ: 
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the Veſſels which contain it, if they be-narrower at 
the Top than towards the Middle. «144 

To underſtand why this Aerial Matter contain'd in 
the Water, takes up more Space where it becomes 
Bubbles of Air; you may ſuppoſe Air to conſiſt 
of a great Number of ſmall Threads, mix d and 
interwoven into one another, as the Threads in a 
Piece of Wool or Cotton. For if you immerge a 
Piece of Cotton in a Glaſs half full of Water, it 
will at firſt take up a Space according to its Bulk, 


and cauſe the Water to riſe conſiderably towards | 


the top of the Glaſs; but by ſeparating the little 
Threads by Degrees, you open the Cotton ſo, as to 
let the Water into all its Intervals; then will the 
upper Surface of the Water deſcend almoſt to the 
Place where it was in the Glaſs before the Cotton 
was put into the Water. 80 
This Experiment ſhews that the Air may, by 
little and little, inſinuate it ſelf into the Water, 
and take up much leſs Room than when it is in 
Bubbles; and that after it has been mix d, and as 
it were abſorb d in the Water, if by the Motion 
which Heat, or any other Cauſe may give it, it re- 
ſtores it {elf to ſmall Bubbles, it will take up much 
more Room than it did before. 4 Does ag 
Lou may by the following Experiment, know 
that Air will inſinuate it ſelf into Water. Boil Water 
for Three or Four Hours, and when it is cold again, 
fill a ſmall Glaſs Viol full of that Water, then put- 
ting your Finger: on the Viol, invert it in a Glaſs 
of Water, in ſuch manner that there be a Bubble 
of Air at the top of the Water in the inverted Viol, 
about as big as a Hazle- Nut; then you will find that 
in Twenty Four Hours this Air will diſappear. 
Put in another Bubble of Air almoſt as big, and it 
Will alſo inſinuate it ſelf into the Water by pr. 
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but more Time will be requir'd to abſorb it wholly. 


You may, after the ſame manner, make the Water 
ſuck in ſeveral ſuch Bubbles one after another: But 
at laſt, when the Water is ſufficiently impregnated 
with em, the Water will ſuck in no more of em; 
and a ſmall Bubble of Air of about Two Lines in 
Diameter, will lie above Fifteen Days upon the 
Water, without getting into it. This is more 
eaſily obſervable in Spirit of Wine; for if 
you take a Glaſs half full of it, and put it into 
the Receiver of the Air pump, a great Quantity 
of this Aerial Matter will come out of it in large 
Bubbles, as ſoon as you have pump'd a pretty 
deal of the Air outof the Receiver; bur after a while 
no more Bubbles will ariſe. Make the ſame Ex- 
periment with this Spirit, as you did before with 
the boil'd Water, only letting the Bubble of Air 
be as big as the top of your Thumb; this Air will 
inſinuate it ſelf into the Spirit of Wine in leſs than 
Two Hours: And if you let in Bubbles of the ſame 
Bigneſs, Two or Three times one after another, 
will mix themſelves with the Water, as before; 
but if this Viol be put into the Air-Pump, that 
which was, as it were, diſſolvd and inviſible in 
A of Wine, will come our of it in large 
Bubbles, as ſoon as you begin to pump the Air out 
of the Receiver : Which ſhews that it 1s real Air 
which comes out of Water, or other Liquors, 
when they freeze or boil, or have the Weight 
of the Air incumbent upon them diminiſh d by 
means of the Air-Pump ; which I have explain'd 
more at large in my Treatiſe concerning the Nature 
of the Air. ' 
What happens to Water in its Freezing, I hav 
diſcover d by the following Experiments. ' 


B 3 Having 
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. Having filld a Cylindrick Veſſel of about 
Seven or Eight Inches high, and- Six Inches Dia- 
meèter, within Two Inches of the Top with cold 
Water, I expos'd it to the open Air in a great Froſt, 
and obſerved exactly the whole Progreſs of the 
freezing of the Water. . | 
The firſt Congelation was in the upper Surface 
of the Water, in little long Shoots or Laminæ, 
which were Jagged like a Saw, the Water between 
them remaining ſtill unfrozen, which froze by De- 
grees. all bur a little Place in the Middle, which 
remain'd unfrozen, though the reſt of the Surface 
was already frozen to the Thickneſs of more than 
two Lines. I,obſerv'd that ſeveral Bubbles of Air 
were form'd in the Ice, that begun to fix on the 
Bottom and Sides of the Veſſel; ſome would rife 
up, and others remain dentangled in the Ice; which 
made me imagine that theſe Bubbles taking up 
more Space in the Water than when their Matter 
was, as it were diſſolv'd in ir, they puſh'd up a 
little Water through the Hole at Top, after the 
ſame manner that new Wine works ont at the Bung- 
hole of a Veſſel, when it begins to heat: And the 
little Water which ooz d out at this little Hole in 
the Ice, ſpreading it ſelf upon the upper Surface 
of the Water, which was already frozen, became 
Ice alſo, and there began to form a Hill of Ice; 


- 


and that Hole continuing open, by reaſon of the 


Water which paſs'd ſucceſſwely through it, 
uſh'd up by the new Bubbles, which form'd them- 
lelves in the Ice, which continued to encreaſe about 
the Sides and Bottom of the Veſſel 5 I obſerv d that 
the upper Surface of the Water was frozen - above 
an Inch think towards the Edges of the: Veſlel; and 
above an Inch and an half round about the little 
Hole; before the Water that was contain d in it, 
SNP TEGE1 BE 2. 1 as 


WW ww Fas ; or 


* 


2 0 


oO TW ener ww eee T VU on Fi \&f eee UW F ww HnD ww 5 ww w AP 


HYDROSTATICKS. 7 


as in a Pipe, became frozen; but at laſt it was fro- 
Zen ; then the Middle of the Water remaining un- 
frozen, and the Water which was compreſs'd by 
the new Bubbles, which form'd themſelves for two 
or three Hours, having no Iſſue out at the little 
Hole, the Ice broke at once towards the Top by 
the Spring of this included Air. I tried the Ex- 
periment a Second Time, and when the Ice was 


about two Inches thick, I warm'd the Sides of the 


Veſſel, to melt the out- ſide of the Ice, and by that 
means dre it whole out of the Veſſel, without ſpil- 


ling the Water, which was contain'd in the Mid- 


dle of the Ice: Then expoſing this Ice to the open 
Air, that the reſt of the Water might freeze, it 
broke three or four Hours after; and I found a Cell 
in the Middle of about 1: Inch Diameter, contain- 
ing the Water that remain'd ſtill unfrozen, which 
ran out upon the breaking of the Ice. I made the 
Experiment a Third Time, and having taken out 
the Ice as before, with a large Pin I made a Hole 
in the Ice, over the little Channel or Pipe above- 
mentioned, (where the Ice was an Inch higher than 
any where elſe, by reaſon of the Water which had 
ooz d out at the little Hole, and was there frozen) 
and as ſbon as I drew out the Pin, ſome Water 
1 out at the Hole, and then the Hole was 
rozen up again. Still as the Hole was frozen up, 
I prick d the Ice till all the Water was frozen; 
then I expos d that Lump of Ice to the Weather, 
for a whole Night, without its breaking ; which 
plainly ſhew'd; that in the foregoing Experiments 
the Spring of the Air-Bubbles , was the only Rea- 
ſon of the breaking of the Ice. The Middle of 
this frozen Lump had about as much Air in it as 
Ice; but there were bur few Bubbles towards the 
out ſide in Proportion to the Ice. If by boiling the 
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Water you drive the Aerial Matter out of it, before 
you ſet it out to freeze, you will have Ice two or 
three Inches thick, without any viſible Bubbles, and 
ſo tranſparent as to be as fit to burn by the Sun's 
Rays as Convex Glaſſes do : And you may make 
this Ice convex in the following Manner. Take a 
Veſlel made hollow in the Form of an Hemiſphere 
of about Six Inches Diameter, and having put a 
Piece of this tranſparent Ice into it, ſet it upon the 
Fire to melt the out fide of it, and pour out the 
Water as the Ice melts; then turn it on the other 
Side, and melt ſome of it after the ſame manner, 
till it becomes Convex on both Sides, and "_ 
ſmooth; and being thus prepar'd, it will coll 
the Sun's Rays ſo, as to ſet Paper or Gunpowder 
on fire. Some People have believed that boil'd Wa- 
ter would freeze ſooner than other Water ; but I ne- 
ver could find that the one froze ſooner than the 
other, tho I expos'd em both to the Air, having 
firſt made em equally cold. | 
In ſuch Places and Creeks where Water does not 
run in Rivers, a great deal of Mud is gather'd to- 
gether, out of which a great deal of Air riſes when 
you walk upon it, or when you thruſt a Stick into 
it; whether it be, that this Air is form 'd there, by 
Degrees, out of the Aerial Matter contain'd in the 
Water of the River, or that the Water ſinking 
through ſmall Channels, below the Bed of the Ri- 
ver, drives up the Air that happens to be there, 
which is ſtopp'd by the Mud that it meets with in 
its Riſe. Beſides the Aerial Matter which is con- 
tain d in Water; it has alſo a Fulmmating Matter, 
as we may call it, which I have diſcovered by ſe- 
veral Experiments like the following: Take a little 
Veſſel of Braſs and Pewter, and having put a large 
Drop of Water into it, pour on Oil to the Height 
| Of 
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of about one Inch ; then holding the Veſlel over a 
Candle, fo that the Flame may be juſt under the 
Drop of Water, ſmall Bubbles of Air will go out 
of it for ſome Time, and after a while ſcarce any; 
but when the Oil comes to be heated, there will be 
Fulminations in the Drop of Water, which will 
make the Oil leap up and break the Drop of Wa- 
ter into three or four Parts, 

This may be occaſion d by Particles of Salts, or 
other unknown Matter, diffolv'd in the Water, 
which being heated to a certain Degree, dilate 
themſelves at once like Aurum fulminans. 

There is this Analogy between Oil and Water ; 
viz. That Oil is harden d and frozen by a great De- 

Tee of Cold, but not ſo much as Water; That it 


owswith a moderate Heat; That a great Heat makes 


it riſe up in Smoak and Exhalations, much of the 
ſame Conſiſtence with the Vapours that come out 
of Water ; And laſtly, Theſe Fumes , at leaſt their 
moſt ſubtile Parts are chang'd into Flame by a very 
great Hear. & 1 

Air, Mercury, and Water which has a great 
deal of common Salt diffolv'd in it, do not freeze 
or harden by cold, any more than Spirit of Salt- 
Peter, Spirit of Vitriol and other ſpirituous Liquors, 
which always remain liquid and flowing, and are 
made to riſe in Vapours by Heat. 

Mercury, Water, Oil, Wine, Spirit of Wine, 
and other Liquors, are dilated by a moderate Heat, 
and condens'd by a moderate Cold, without ſhew- 
ing that any Air is contain d in em, no Bubbles 
coming out of em. Put ſome Oil into a Bottle, 
that has a long narrow Neck, and having warm ir 
moderately, you will ſee it riſe in the Neck, and 
as it cools come down to the Ball or Body of the 
Bottle, without perceiving that any Air gets into or 

comes 


| 
| 
| 
1 
| 


Teſt. , And though we cannot tell wherein this Viſ- 
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comes out of it; nay, if having fill d the Bottle 
with warm Oil, having ſtopp'd it wich your Fin- 
r, you invert it in cold Water, ſo that it be up to 

the Neck in it; when you have taken awa 
our Finger, as the Oil cools, it will leave the 
Neck to riſe all up into the Ball, and the Water 
will ſucceed in the Neck; but if you warm the 
Bottle in this Poſition, the Oil will go down again 
and drive out the Water, no Bubbles of Air form- 
ing themſelves either in its fiſing or 457 This 
7 is very ſenfible in the Spirit of Wine, that 
is, ſuch Glaſs-Thermometers as are Hermetically 
ſeal'd : For in very cold Weather rhe Spirit of 
Wine deſcends. as far as the Ball; and when the 
Weather is very hot, it riſes up to the Top of the 


Tube, though it be above Two Foot long. I have 


ſeen Thermometers fill'd with Mercury inſtead of 


Spirit of Wine, whoſe Effect was the fame: 


Mercury does not riſe in Vapours, without a ve- 
ry great Heat. I kept two Pounds of Mercury in 
an open Bottle in a Cloſer, where the Sun ſhone 
all Summer; and I found its Weight after ſo long a 
Time to be ſenfibly the ſame char ir was at firft: But 
if you ſet it on a great Fire, it will riſe into inviſible 
Vapours, which being receiv'd in an Alembick, will 
again become running and liquid Mercury, as be- 
fore their Evaporation. NE ; 
©. There is in Water a kind of Viſcouſneſs, which 
makes it Parts ſtick to one another, and. to other 
Bodies, as to Wood and clean Glaſs, in ſuch man- 


ner, that 4 large Drop of Water will hang upon 


Wood or Glaſs without falling: And if you pour 
Water into a clean Glaſs, without filling it, that 
Part of the Water which is next to the Glaſs will riſe 
above a Line and half higher than the Level of the 


CO 
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couſneſs conſiſts, yet its Effects are always ſenſible. 


After this manner two diſtin& Drops of Water will 


unite into one, as ſoon as they touch one another 
ever ſo little. The ſame Thing will happen to two 
Drops of Mercury, or to two Drops of Oil laid 
ſoftly upon Water, if you bring em to touch one 
another: The ſame will alſo happen to thoſe Bub- 
bles of Air, which are at the Bottom of a Diſh 
full of Water, when it has ſtood a while upon the 
Fire for. if you puſh 'em towards each other, with 
a Pin, or any Thing elſe, they will; after the fame 
manner, run into one another. I once ſaw about as 
much Mercury as the Bigneſs of a large Hazel- Nut 
run along a ſmooth Stone Table; and as it found a 
lirtle Hole in the Table, I obſerv'd that ſome went 


into the ſaid Hole, and the reſt continuing to flow, 


was ready to ſeparate from the ſmall Quantity that 
was in the Hole, that Part which Jjoin'd them not 
being above two Lines broad; but the Viſcouſneſs 
which joins the Parts of the Mercury hinder d it, 
and all the reſt of the Mercury came back to what 
was in the Hole, and ſo ſettled upon and round 
about it. To explain the Reaſon of this Viſcouſ- 
neſs as well as we can, we might ſay, That each of 
theſe Subſtances having their Particles in conſtant 
Motion, the Particles of each Kind have a Figure 
proper to hook and unite themſelves to thoſe of 
the ſame Kind, and that they faſten to each other as 
ſoon as by their Motion they come to touch. There 
is another Con jecture, viz. That the Air having a 


ſtrong Spring, endeavours to reduce thoſe Fluid 


Bodies to the leaſt Space which- they can take up, 
which is a Spherical Figure: But if this was true, 
then a Drop of Mercury and a Drop of Water 
would be reduc'd into a Globe: Beſides, we find 
thar in the exhauſted Receiver, Drops of a or 
E 43 , 5 * $5 N 6 er- 
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Mercury keep their globular Figures, and unite 
into one in that rarified Air as they do in common 
Air. In the midſt of theſe Douhrs let us be fatis- 
ſied with the following Principle; namely, That 
Fluids of the fame Nature are diſpos'd to unite as 
ſoon as they touch ; and if you will, you may call 
this the Motion of Union. 12 
There are alſo Bodies which Water either will 
not ſtick to, or not without Difficulty; as Tallow, 
Colewort- Leaves before they are handled , Swan or 
Duck-Feathers ; if it lies upon thoſe Subſtances, it 
is in round Drops, or if ir be in a pretty large 
Quantity its outſide is round, and the reſt is a level 
Surface. Mercury does not adhere or ſick to Glaſs, 
Wood, or Stone; for which Reaſon it has been 
call d Quick-filver ; becauſe when it is in a ſmall 
Quantity, its Gravity makes it roll upon thoſe Sub- 
ſtances, till it meets with Holes or Crevices that 
ſtop it; but it ſticks eaſily to Tin, Gold, and ſome 
other Metals, into which it will fink ſo far as to dif 
ſolve the Continuity of their Parts, and together 
with them make that Body which Chymiſts call an 


Amalgama. 
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Of the Origin of Springs, or Fountains. 
TT HE Aqueous Vapours which ariſe from the 

Seas, Rivers, and Marſhy Grounds , being 
got to the Middle Region of the Air, form Clouds 
there and grow cold: They cannot mount higher, 
becauſe they come up to an Air in thoſe Regions 
which being leſs condens d than that which is near 
the Earth, is of a leſs Specifick Gravity, and ſo not 
able to ſuſtain them. Theſe Vapours being toſs d 
about by the Wind, are driven againſt one another, 
and ſtick together, ſo that by the Union of ſeveral 
unperceivable Drops, pretty large ones are form'd, 
which becoming heavier than the Air beneath them, 
as they deſcend, meet with other ſmall ones, and fo 
are N creaſed till they become Drops of 
Rain: Such Drops as come down from the higheſt 
Clouds are the biggeſt , becauſe they have more 
Space to increaſe their Bulk. And Ariſfotle was mi- 
ſtaken when he affirm'd the contrary : The Reaſon 
that he gives, is, That if a Pail of Water be thrown 
down from a very high Window, it will be divided 
into leſs Drops than if it had flor been thrown down 
from ſuch an Height. But this is a fallacious Com- 
pariſon; for certainly a Drop of Water as big as 
one's Thumb-End , falling through the Air faſter 
than a very ſmall one, is eaſily broken into two or 
three Pieces by the Shock of the Air; eſpecially 
when the Wind blows hard ; and for that x x 
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the biggeſt Drops are ſeldom more than three ot 
four Lines in Diameter; and when two or three of 
theſe Drops join together, they immediately part 
again: But it is only by the uniting of a great ma- 
ny Drops that one of three Lines in Diameter can 
be form d: And when Fogs grow thick, very ſmall 
Drops of Rain fall, which cannot well be perceiv'd, 
unlels ſome black Object be behind. Io 
Since then Rain in its beginning be very ſmall, 
It is plain that it muſt fall from a great Height in 
order to become large; and this is the-Reaſon why 
the Drops of Rain in Winter are commonly very 
ſmall; becauſe then the Clouds rife but to a ſmall 
Height. I have obſervd, that when the Air was 
cover'd with thick Clouds, and the Rain fell in 
Large Drops at the Foot of a very high Mountain, 
the Drops were leſs as I went up the Mountain; and 
when I was almoſt at the Top, the Rain was very 
ſmall, and I was then in a Miſt , which ſeen from 
the Bottom of the Mountain appear d to be a Cloud. 
One Cloud driven by ſtormy Winds may ſucceſ- 
fively rain upon a Space of Fifty Leagues, which has 
often been obſerv'd by the Damage which is done 
by the Hail of one fingle Cloud. 
- The Rain Water being fallen, penetrates into the 
Earth, through fmall Canals or Paſſages in the 
Ground; ſo that when the Earth is digg'd pretty 
deep, fuch Canals are commonly found, whe 
Water meeting at the Bottom of the Hole digg d, 
ſupply ſuch a Well with Water; but the Rain-Wa- 
ter which falls upon the Hills and Mountains, ha- 
ving penetrated the Surface of the Earth (eſpecially 
when it is light and mix'd with Pebbles and Roots 
of Trees) often meet with Clay or Wax (as the 
Workmen call it) or continuous Rocks, along which 
it runs without being able to penetrate them, till 
Ws 4 3 Fa 2 
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being got to the Bottom. of the Mountain, or to a 
conſiderable Diſtance from the Top, it breaks out 
of the Ground and makes Springs. This Work of 
Nature is eaſy to prove: For, Firſt, The Rain-Wa- 
ter falls every Year in a ſufficient Quantity to ſup- 
ply all the Springs and Rivers; as will be hereafter 
 ſhewn by Calculation. Secondly, It is daily ob- 

ſerv'd, that Springs increaſe or decreaſe in Propor- 
tion as it does or does not rain; and if during two 
whole Months it does not rain much, moſt of them 
loſe half their Water; and if the Drought conti- 
nues two or three Months longer, they are for the 
moſt Part dried Na ſuch as are not, will be di- 
miniſh'd by two Thirds, or three Fourths; whence 
it may be concluded, that if the Rain was to ceaſe 


for one whole Year, either very few Springs wou d 
aul cle al 
up 


be left, molt dry, or elle they wou d be 
all dried | 


1 : 1 

- Great Rivers, like the Seine, often diminiſh at 
the End of the Summer, above ; of the Bulk 
which they have after great Rains, although the 
Drought does not laſt above Three Months to- 
gether: And if there be ſome Fountains which 
diminiſh only the Half, or the Third Part of their 
Bulk; the Reaſon. of it is, becauſe they have great 
Reſervatories which they have digg'd in the Rocks, 
by carry ing away the Earth, and by having made 
themſelves but ſmall Paſſages; which is the Rea 
ſon alſo why they don't iacreaſe ſo much as others, 
by continual Rains. Some Philoſophers give ano- 
ther Cauſe for the Origin of Springs; which is, 
that there ariſe Vapours from the inward Parts of 
the Earth, which meeting Rocks in the tops of 
Mountains, that are in the form of Vaults, do there 
become Water, as in the top of a Still; and that 
Water afterwards runs out at the Foot, or at the 

rr | fe. 
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Declivity of the Mountains; but that Suppoſition 
can hardly be maintain'd. For if AB C, (Hęure 1.) 
isa Vault in the Mountain DE F; it is evident, that 


i the Vapours ſhou'd become Water in the Concaveof 


the Surface A B C, that Water would fall Perpendicu- 
larly towards H GJ, and not towards L, or M, and 
conſequently would never make a Spring: Beſides, it 
is deny d that there are many ſuch hollow Places in 
Mountains, and it can't be made appear that there 
are ſuch. If we ſay there is Earth on the Side of, 


and beneath A B C, it will be anſwered, that the 
Vapours will guſh out at the Sides towards A, and 
C, and thar very little will become Water ; and be- 


cauſe it appears that there is almoſt always Clay 
where there are Springs, it is very likely that thoſe 
ſuppoſed Diſtilled Waters can't paſs through, and 
1— that Springs can't be produc d by that 

S | 12 bs 


Some Authors tell us, that Springs have ceas'd 


running, for having given Vent to great Subterra- 
neous Cavities, from whence there proceeded great 
Quantities of Vapours, which became Water in 
thoſe Caves. It may be anſwered to that, That 
thoſe Stories are ſuſpected; but it is not denied but 
that there may be ſuch Diſpoſitions in the tops of 
Mountains, and chiefly of ſuch as arè cover'd with 
Snow, that the Vapours which would condenſe b 
meeting with à great Body of Stone, as in a Still, 
might form a little Stream of Water, which would 
come out at the Sides; but we very rarely meet 
with them, and there can be no Conſeqnence drawn 


from this, as to the other Springs. It is again ob- 


jetted,” that the Summer Rains, although 


2 don't penerrate the Earth above half a 


oor, which may be obſerved in Gardens, and 
tilled Grounds, I grant the Experiment; but I 
JOY main- 


* * * 
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maintain, that in uncultivated Land, and in 
Woods, there are ſeveral little Canals, which ate 
very near the Surface of the Earth, into which the 
Rain Water enters ; and that thoſe Canals are con- 
tinued to a great Depth, as ir appears in Wells that 
are very deep; and that when it rains, Ten or 
Twelve Days following, at laſt the Surface of Till'd 
Ground is entirely moiſten'd, and the reſt of the 
Water paſſes into the ſmall Canals which are under, 
and which have not been broken by Tillage. 

Lou may ſee in the Cellars that belong to the 
Royal Obſervatory of Paris, ſeveral Drops of Water 


which fall from the top of the natural Arched 


Roofs of Stone which are there; but it is eaſy to 


obſerve, that they don't proceed from Vapours, 


for they are always ſeen to run through ſome 


Chinks, or through ſome little Holes of the Rocks, 
the other Places of the Rock remaining dry, or very 


little moiſt, and that happens after great Rains, 
There is even a Place where the greateſt Vault is, 
from whence there continually diftill ſeveral Drops 
of Water, but they proceed from an Accumulation 
of Water directly above. 

There are Quarries in ſeveral Places, where Roofs 
are in the Form of Vaults, which have not abova 
20 or 30 Feet of Earth above; where it may be 
obſerved, that the little Drops of Water which 
a:; there formed, paſs through little Chinks be- 
tween the Beds of Stone; and that they proceed 
from Rains, becauſe they are never ſeen but after 
mou Rains, and continue but a Fortnight or Three 

eeks after it hath done raining : It may alſo be 
eafily conjectured, that the other Flowings of 
Springs are after the ſame manner. N | 
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The Summer of the Year 1681, was very dry in 
France, which cauſed moſt of the Wells and Springs 
to be dry'd up in ſeveral Places; and though it was 
pretty cold towards the End of Ofober and the 
Beginning of November, the Waters continued to 
diminiſh ; which they would never have done, if 
Water had been formed by Vapours ariſen from 
lj ſubterraneous Places, and condenſed by the Cold- 
| neſs of the Surface of the Earth. There is a Cavi- 
f . ty in the Cellars of the Obſervatory, wherein there 
[  _woas always Water from the Year 1668 to 1681. 
| but the Drought of that Year dry d it entirely, 
| | that there was not one Drop left in February 1682. 
i alcho' it rained very hard for ſeveral Days in the 
Beginning of that Month: And the Summer fol- 
lowing having been very Rainy, the Water not- 
withſtanding did not return in the Month of Sep- 
tember, nor even during the two Tears follow- 
ING ; + Soha 
Ir upon a firm hard Piece of Ground into which 
the Water can't eaſily penetrate; you throw a great 
Quantity of Stones, Sand, and Rubbiſh mixed 
with Earth, to the Height of about 10 or 12 Feet, 
there will be formed a little Spring in the loweſt 
Place, which will continually run, if that Piece of 
Ground contains an Acre or two. 
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I faw this Experiment in a Place where Rubbiſh | 5 
had been heap'd up to the Height of about three || * 
Foot, which Place contain'd about 500 Fathom, | Y 
where it happen'd that the Rain- Waters which fel! II 
upon that Place, and upon the Tops of the neigh- 1s 
bouring Houſes, being detained by the Plaiſter and | © 
Rubbiſh, paſſed through by Degrees, and not being © 
able to penetrate the Pavement, and the hard Ground 
which was at the Bottom, ran together to the loweſt ta 
Place, where there was formed a continual lictleStream h 
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of Water, Sometimes the Earth of Mountains is diſ- 
poſed after ſuch a manner, that the Waters that pene- 
trate may go out again, and run between Two Strata 
or Earths, or between the Earth and the Rocks; and 
then they can't be diſcovered but by making pretty 
deep Trenches upon a rifing Ground ; and it often 
happens that Waters are gather'd in great Quantities 
by thoſe means, as it has been often practis d in ſe- 
veral Places. 20 

There are ſome Springs which proceed from the 
Middle of Mountains, and are formed when the 
Rain-Waters having found a Paſſage through this 
Sandy Ground, and the Clefts of Rocks, as far as 
two Thirds or three Quarters of the inward Part of 
the Mountain, meet with a continued Bottom of 
hard Clay, or Beds of continued Stone where the 
Water ſtops, and is heap'd up to a conſiderable Height, 
which preſſing on all Sides by it Weight, at length 
forces open ſome Paſlages thro the Clefts of the 
Rocks, towards the Bottom of the Mountain, Theſe 
Sorts of Springs jlaſt longer than others during 
great Droughts ; and may be impregnated with di- 
vers Salts, and other Matters which are there:d iſſolved. 

There are ſometimes found very. high Springs in 


the 'Top of Mountains; and. ſome affirm that 


they are in the very Top: I obſerved. one of thoſe 
Springs in a Mountain two Leagues off of Dijon, 
which gives a great Quantity of Water; and when 
you come very near it, you can't {ee above 40 Feet 
in Height of Ground above it where the Declivity 
is very ſteep; but if you look at this upper Moun- 
tain from a far off, you ſee it extend it felf with a 


gentle Shelving for above 500 Fathom in Length, 
and 200 in Breadth. Now, in that Space there 


falls Rain enough to feed that Spring, as ſhall be 


hereafter proved. 2 
WY here 
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There are Lakes upon the Tops of ſome Moun- 
tains which produce little Rivulets : that may hap- 
pen, becauſe there is Ground round about the Lake 
higher than the Level of the Water, and of a great 
Extent, M. Caffini fays , he ſaw in Italy a pretty 
large Lake upon the Top of a high Mountain, 
where there were here and there Elevations of more 
than half a League long, which were often covered 
with Snow, the melting of which, rogether with 
the flowing in of Rain-Waters, might eafily feed 
the Lakes, which ought to have a hard Earth or con- 
tinued Rocks at the Bottom: It is commonly very 
cold there, which is the Reaſon that that Water ts 
not confiderahly exhaled. 

There is a Springiin Mownt-Valerien, two Leagues 
from Paris, much of the ſame Nature: The 
Farth which produces ir, is about 100 Fathom long, 
and 50 broad: It is near a Houſe, which ſtands about 
the third of the Mountain's Height. There are ſe- 
veral other Places on the ſame Side, in which Wa- 
ter is found, and little running Springs made there, 
by digging the Ground Seven or Eight Foot deep; 
for it after having found Water, the Trench is con- 
tinued Horizontally, inclining towards the Bottom, 
until you come to the outward Earth, you will 
have a Fountain that willſeldom bedry'd up. There is 
on the other Side of the ſame Mountain, almoſt at 
the Bottom, a pretty large Spring which never dries 
up. There are alſo three or four upon M. Marrre ; 
the higheſt of them is about 50 Foot from the Top 
of the Mountain ; the Ground which produces the 
largeſt is but about 300 Fathoms long, and 100 
broad. It gives therefore but little Water , even 
after great Rains: The two others don't give each 
of them a quarter ſo much as the great one; and 
never run but after exceſſive Rains. 
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The City of Langres is fituated at the Extremity 
of a very high Eminence, which continues of the 
ſame Height for a League in length, and of mode- 
rate breadth. There is another Mountain oppoſite 
near the ſame Height and Length, and more than a 
quarter of a League wide; between thoſe two 
Mountains is a great Valley, through which runs a 
large Brook or little River, which proceeds from 
ſeveral Springs, which are not very far from the 
Top of thoſe Mountains; and it is eaſy to believe 
that they are produced by the Rain-Warers, which 
fall upon the Plains that are above, and that have a 
ſpacious Platform; moſtWater comes from that that 
has the greateſt Breadth. 

All other Springs are almoſt like this, and ought 
to have conſiderable Heights above their Heads. 
There is a Plain fix Leagues from Paris, between 
the Valley of Palaizeau, and that of Marcouſſi, 
which is above Two Leagues long and one wide, 
where there are ſeen Pools in ſome Places, that 
are over-topp'd by the higheſt Places but by 5 or 6 
Foot, but the Ground is very hard at about 2 or 3 
Foot deep, chiefly near the Caſtle of Beauregard, 
where there are three or four of theſe Pools ; and 
that Grofind is ſo impenetrable to Water, that to 
make a Conduit of Water, it was thought ſufficient 

to dig a little Ditch two or three Foot deep, and to 
fill it with Stones, without putting any Cement at 
Bottom. 4 

It may be objected, that there does not fall in a 
whole Year Rain enough to ſupply the great Rivers, 
that diſcharge themſelves in the Sea. _— 

To ſolve this Objection, I make uſe of an Expe- 
riment which was made at my Requeſt Seven or 
Eight Years ago at Dijon, by a very skilful Man, 


and very exact in his Experiments, He placed near 
X C 3 the 
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the Top of his Houſe a Square Veſſel, of about two 
Foot Diameter, at the Bottom of which there jwas 
a Pipe whici conveyed the Rain that fell into it, in- 
to a Cylindric Veſſel, where it was eaſy to meaſure 
it as often it rained z for when the Water was in 
the Cvlindric Veſſel, there was very little exhaled 
during five or fix Days. The Veſſel of two Foot 
Diamerer was ſuſtained by a Bar of Iron, which 
advanced above fix Foot beyond the Window, 
whereon it was placed and fixed ; that it might re- 
ceive only Rain-Water, which fell immediately 
upon the Breadth of its Opening, and that there 
might not enter any but what was to fall according 
to the Proportion of the upper Surface. The Re- 
ſult of theſe Experiments, was, That ina Year there 
might commonly fall in Rain- Water to the Height 
of 17 Inches. The Author of a French Book, en- 
titul d, De / Origme des Fontaines, affirms, that he 
made the like Experiment for three Years ; and that 
one Year with another, there fell Rain to the 
Height of 19 Inches 2 Lines 2. 

III fay leis than theſe Obſervations, and ſuppoſe 
that in a Year there falls Rain only to the Height of 
15 Inches; upon this Suppoſition, there would fall 
upon a Fathom in a Year 45 Cubic Feet of Water: 
And ſuppoſing that a League contains 2300 Fathoms 


in Length, a Square League contains 5.290,000 ſu- 


perficial Fathoms; which being multiplied by 45 
will give us 238.050,cco Cubic Feet. ved 
The moſt remote Heads of the Seine are near 60 
Leagues from Paris; to wit, thoſe of the River 
Arman ſon, and of the other Rivers which fall into 
the Torre, and the Seine; if you trace them from the 
Springs that are neareſt the Loire, near the Charity; 
and thoſe which fall into the Marne, from the Springs 
which are neareſt the Meuſe beyond * 
; The 
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The Diſtance of theſe moſt remote Heads from 


one another, is about 60 Leagues. If the Seine is 
cut by a perpendicular Line, which paſſes five or 


thx Leagues from Paris, on the Side of Corbeil, 


there are found Springs towards the Extremities of 
that Line, which are diſtant from one another 
about 4.5 Leagues. I ſuppoſe then that the Con- 
tents of that whole Extent of Land is 60 Leagues 
in Length, and 50 in Breadth , which makes 3000 
=_ Leagues; the Product of which being multi- 
plied by 238.050, o amounts to 7 14,150.000,000; 
whence it appears, that the Lands which furniſh 
the Waters of the Seine at Paris, receives from the 
Rain 714.,150.000,000 Cubic Feet of Water in a Year. 

The Seine above Font Royal when it touches 
the two Keys, covering but very little of the 


Extremity of Land on both Sides, for about the 


Breadth of 400 Foot, and 5 Foot in mean Depth, is 
then in its mean Bulk, and its Velocity at the Surface 
is ſuch, that it goes 150 Foot ina Minute, but it goes 
250 when the Waters are at their greatelt Height: 
For a Stick which is carried in the Middle of the 
Stream, goesas ſwiftly as a Man who walks very faſt, 
which may be 15000 Foot in an Hour, and conſe- 
qrently-250 in a Minute, which is 4 Foot in a Se- 
cond : But becauſe the Bottom of the Water does 
not go ſo ſwift as the middle, nor the middle fo faſt 
as the upper Surface , ( as ſhall be hereafrer pro- 
ved) let us ſay for a mean Velocity 100 Foot in a 
Minute. voy 

The Product of 400, Foot which is the Breadth, 
multiplied by 5 the middle or mean Depth, gives 
2000; for it is 8 or 10 Foot deep in ſome Places, in 
others 6, 3 or 2; and the Product of 2000 by 100 
Foot makes '200,000 Cubic Feet, and conſequently 


there paſſes through a Section of the Bed of the Ri- 
C 4 | ver 
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ver Seine above Port- Royal, 200 Thouſand Cubic Feet 


in a Minute; 12.000,000 in an Hour; 288.000,000 in 
24 Hours; and 105, 120, ooo, ooo in a Year; which 
is not the ſixth Part of the Water that falls by Rains 
and Snow, which is 714, 150.000, o. It is plain 
then, that if the third Part of the Rain- Water was 
to be exhaled up in Vapours immediately after it fell, 
and if half of the reſt was to remain ſome upon the 
Surface of the Earth to keep it wet, as it ordinarily 
happens, and ſome in the ſubterraneous Places under 
great Plains; and if only the Remainder ſoak d in 
thro little Conducts to make Springs underneath, 
or upon the Declivity of a Hill, there would till be 
enough to produce thoſe Springs and Rivers as they 
now appear. If you take 18 Inches inſtead of 15 in 
the above-mentioned Calculation, you will have in- 
ſtead of 714,15c.c00,000 ; 856,980,000,000 Cubic 
Feet; which will give eight times as much Water as 
the Seine. | 

To calculate the Quantity of Water in the great- 
eſt Spring of Mont-Martre, multiply 300 Fathoms 
in Length by 100 in Breadth, the Product is 300c0 
Fathom, which will give at 54 Foot for every Fa- 
thom, 1.620,c00 Cubit Feet nearly in a Year. More- 
cover the Soil of that Mountain is Sandy for the Depth 
of 2 or 3 Foot, and the Bottom is Clay; one Part 
of the Water of great Rains runs immediately to the 
Bottom of the Mountain, one Part of the Remain- 
ger remains in the Land near the Top, the reſt runs 
between the Sand and the Clay; and if it be ſuppoſed 
to be but the fourth Part of the whole, which is 
56.700,cc0 Pints in a Year, or 155,341 in a Day, 
which makes 6,472 in an Hour, and 107 in a Mi- 
nute, that Quarter will be about 26 Points in a Mi- 
nute, which is the Quantity that the Spring ought 
to give, and what it really does give, when it is 2 
little higher than ordinary, | DIS- 
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Of the Original Cauſes of Winds. 


HE Original of Winds is much harder 
| to diſcover than that of Springs, becauſe 
each Spring having the beginning of its Production, 
and the Iſſue of its Head in one Mountain, one 
Man may obſerve all the moſt confiderable Cir- 
cnmſtances; but one Wind extending it ſelf very 
often for the Space of a Hundred Leagues, there 
muſt of Neceſſity be ſeveral Obſervations at the 
ſame Time, to know where it begins, and where it 
ends, and what Space it takes up in Breadth. 

I have ſeveral times undertaken to have a Corre- 
ſpondence for theſe Obſervations in the Extent of 
Seven or Eight Hundred Leagues in ſeveral Places 
of Europe at the ſame Time; as for Example, 
from Paris to Warſaw, and towards the Extre- 
mities of Italy, and Spain; from London to Con- 
ſtantinople, and ſo for every Hundred LA ; 
and though ſeveral curious Perſons, to whom I had 
ſpoken of it, or writ to, had promis'd me to obſerve; 
and on my Side, I made my Obſervations very ex- 
actly at Paris, and at other Places, I could not- 
withſtanding have but very few Correſpondent Ob- 
ſervations, which I ſhall ſpeak of hereafter. 

Ariſtotle, and ſome other Philoſophers, have 
thought that Winds proceed from the Exhalati- 
ons or Fumes riſen from the Earth, when they 
are reflected, after their riſing perpendicularly as 


higr 
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high as the middle Region of Air. This Opinion 
has very little Reſemblance of Truth ; for the Exha- 
lations ariſe very flowly, and conſequently their 
Reflexion can give but a very feeble Trembling to 
the Air, and produce but a very little Wind, which 
would blow commonly only in the middle Region 
of Air, and would never come down to the Surface 
of the Earth. It is true, that if there ariſes in ſome 
Places a vaſt Quantity of Exhalation and Vapours, 
they might take up room enough in the Air, to repell 
a part of it in Circumference; but that Motion of 
Air alone would not be ſufficient to produce a con- 
fiderable Wind, which ſhould have a Velocity equal 
to that of moſt Winds. It would alſo follow , 
if that Opinion be true, that there would come no 
Winds from the Ocean, towards the Coafts of 
France and Sparn, fince there ariſe little or no Ex- 

halations from the Waters of the Sea, but only 
Aqueous Vapours ; and nevertheleſs there you have 

often very violent Weftern Winds. 
Monfieur De ſcartes, who was willing to give 
Reaſons for all Things, thought that the Clouds, 
which were upon the Point of diſſolving into 
Water, might produce Winds, by falling downwards 
one upon another; but he never conſider d that 
there is no Cloud fo thick, but what has a great 
deal of Air in the Intervals of the Vapours of which 
it is formed, and that by that Reaſon the Air which 
is between Two Clouds, may eaſily paſs thorough 
as they approach one another, or fall from on 
high towards the Earth: Beſides, the upper 
Clouds defcend ſo {lowly upon the under, that it 
is impoſſible they ſhould give a great Velocity to 
the Air which' is between ; and there can never 
follow a Motion of the Air on one Side, which 
can be carried on to any conſiderable Di _ — 
eaſon 
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Reaſon that Author gives to prove that high Clouds 
produce Tempeſts; which is, that the greater the 
Height is from which heavy Bodies fall, the more 
violent is the Fall, is a meer Cavil : For that 
never happens, but only to very heavy Bodies, as 
Stones, and Metals; as to the Clouds which begin 
to defcend when they are Juſt ready to diſſolve into 
little Drops of Rain, the greateſt Velocity they can 
acquire in deſcending, is to fall Five or Six Foot 
in a Second, and theſe little Drops may acquire 
the ſame Velocity in falling only from the Height 
of Fifty Foot. That ſame Author hath again en- 
deavoured to explain the Phenomenon of the Winds, 
by the unequal Dilatations of Vapours ; and hath 
maintained, that the Vapours by dilaring a Thou- 
ſand times more in anc than in the Air, 
ought to be the Caufe of Winds; bringiag for Ex- 
ample the Wind in the Æolipile; but all theſe Ar- 
guments are founded upon falſe Suppoſitions. For 
it is not true, that Water being mightily heated, 
produces only Vapours: for it produces alſo a 
great deal of Air, and other Matters more rarified, 
as has been before proved; and theſe together 
produce the Wind in the Holipiles, and not the 
aqueous Vapours that the rarefied Matter forces out 
with it. For the Vapours, which are nothing elſe 
but little Particles of Water which the Heat ſepa- 
rates from the reſt of the Water, don't become 
Air, nor take up more Air for their being more 
rarified, ſince that Dilataꝛion is, ſpeaking properly 
only a Separation of thoſe little Particles; as i 
when you throw up into the Air a Handful of 
Aſhes, or Duſt in a Room, the little Particles of 
the Aſhes being ſpread, don't take up any more 
Room in the Chamber than when they were in the 
Hand, and don't thruſt out the Air ro make _—_— 
ſelves 
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ſelves room: And if it was true, that the Vapours 
which compoſe a Cloud, were the Cauſe of Winds, 
the Cloud would remain immoveable, and would 
drive the Winds on all Sides round about it, which 
is contrary to Obſervation ; for it is found by Ex- 
perience, that the Winds puſh and drive the 
Clouds on one Side, and that they are much 
broader than the largeſt Clouds. I obſerved one 
Day, whilſt I was upon the top of the Platform 
of the Obſervatory, that there came a large Cloud 
from the We# , from which there fell a very heavy 
Rain; that Rain fell within Three Hundred Foot of 
the Obſervatory, whilſt yet there was then no con- 
fiderable Wind upon the Platform : I went down 
with thoſe who were with me to avoid the Storm, 
which laſted Seven or Eight Minutes ; when it was 
over, I ſaw the Cloud which was gone by, and was, 
at a conſiderable Diſtance ; but then there was no 
longer any ſenfible Wind upon the Platform; which 
made me know for certain, that it was the Wind 
that cauſed the Rain, and that the Cloud from which 
the Rain fell, did not produce the Wind that 
puſhed the Rain ; which I explain in the following 
manner. | 
When for any Cauſe ſoever, there ariſes a conſide- 
Table Wind in any part of the Air near the Earth, ir 
drives before it the Vapours that it meets, and heaps 
them up one upon another in a little Time; for if it 
blows with a Velocity able to go Twenty, or Twenty 
Five Foot ina Second, it may go Six or Seven Leagues 
in an Hour, and form a Cloud of above a League in 
Breadth, and a League in Length,as was that of which 
I juſt now ſpoke:And laſtly, when the little Particles 
of Water, of which the Vapours are form'd , are 
mightily preſſed by the Wind, Drops of Water 
are. formed of them, as has been formerly ex- 
plain'd 


HVYDROSTATIC ES. 29 


plain d; from whence it follows, that it is the 
Wind that produces the Clouds and the Rains, and 
that the Clouds don't cauſe the Wind. 

Here follow ſome Conjectures that appear very 
likely, upon the true Cauſes of Winds ; which I have 
grounded upon ſeveral Obſervations which I have 
made, or caus'd to be made; or that I have de- 
duced from ſeveral Relations of Sea Voyages. 

I ſuppoſe rhat what Swiftneſs ſoever can be 

given to a Space of Air of the Bigneſs of a Cloud, 
it cannot continue a ſenſible Motion through the 
reſt of the immoveable Air, but for about a quar- 
ter of a League at moſt; which is eaſy to prove 
by Experiment, by puſhing the Wind of a pair 
= Bellows from one end of a Room to the 
other. 
I ſuppoſe beſides, that more Vapours riſe from 
the Waters of the Sea than from the Land, and 
more Nitrous and Sulphureous Exhalations from 
ſuch Parts of the Earth which are not cover'd, than 
from thoſe which lie under Water. 


This being ſuppos'd, I ſay there are Three Prin- 
cipal Cauſes of Winds, and ſome other particular 
and leſs important ones. The Three Principal 
and uſual Cauſes are, Firſt, The Motion of the 
Earth from Weſt to Eaſt ; or, if that Hypotheſis 
be not allowed of, that of the Heavens from Eaſt 
to Weſt. 

Seebad The Viciſſitude of the Rarefactions 
of the Air by the Heat of the Sun, and of its Con- 
denſation when the Sun ceaſes to warm it. 

Thirdly, The Variation of the Riſe of the Moon 
towards its Apogeon, and of its Deſcent towards 
its Perig con, 


The 
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The moſt conſiderable of theſe particular Cauſes 

are, Firſt, Some extraordinary Exhalations and 
Vapours which riſe from the Earth in certain 
es. 55 1660 | | 
Secondly, The Fall of great Rains or Hail. 
Thirdly, The Eruption of Sul phureous and 
nitrous Exhalations in Earthquakes. T1 

Fourthly, The ſudden Melting of the Snow on 

. the High Mountains. | 

Now theſe particular Cauſes ſtrengthen the 
Principal ones, or leſſen and prevent their Efforts, 
according to the Diverſity of Places and Times, 
by ſeveral Combinations. The Eruption of Exha- 
_ lations may be very irregular in the Periods of 
Time, and in their Quantity and Force; for we 

ſee Irregularities in the Periods of Earthquakes, 
and in the Variation of the Magnetick Needle; and | 
wwe may impute the one and the other to ſome 
great Changes which happen from Time to Time 
in the inner Part of the Earth. We alſo ſee, that | 
Volcanos do not vomit. up their Sulphureous | 
Matter in Limited and Periodical Intervals of 


By theſe general and particular Cauſes, it will be 
nn eaſy Matter to explain all the Winds in the fol- f 
lowing manner. _ 51:83 {ito bas 1 

It is manifeſt, if the Earth moves about its 1 


Centre from Weſt to Eaſt, that the Surface goes 
nauch faſter under the EquinoCtial Line, than at 
J hirty or Forty Degrees of Latitude on either Side \ 
l it; and that this Surface draws with it the Air 1 
that is near, but with leſs Swiftneſs; and that „ 
lotion of the Air ouglit to appear from Eat 2 
to Weſt, to thoſe who are under the Equator, and 3 
qu lite to a Latitude of more than Twenty Degrees c 
011 each Side; for this Motion being ſivifter than t 
of” that 
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that of the Air, they muſt conſequently be ſenſible 
of the Shock of the Air which they meet ſucceſ- 
ſively; and from thence proceed thoſe Winds 
call d Trade-Winds, which uſually blow between 
the Two Tropicks; but with this Difterence, that 
when the Sun is at the Tropick of Cancer, it 
commonly proves an Eaſt-North-Eaft, or North- 


Eaſt Wind; and when it is near the Tropick of 


Capricorn, this Wind is generally South Eaſt, which 
we may eaſily explain from the Second Cauſe ; 
viz. the Rarefaction of the Air, excited by the 


Heat of the Sun: For when it is in the Signs of 


Capricorn and Sagitarizs, it warms the Air very 


much: From whence it happens, that this Air 


being extreamly dilated, and that which is under 
the- te Signs being condensd at the fame 
Time by the Coldneſs of the Winter which then 
reigns there; it muſt neceſſarily cauſe a Motion 
of the Air from the South to the North; which joĩn- 
ing with the Motion which goes from Eaſ to Weſt, 
it ought to make a Wind compounded of Two, 
vis. South-Eaſt, or Euſt. South. Eaſt: But on the 


contrary, when the Sun is in the Tropick of 


Cancer, it ought to cauſe a Motion of the Air, 
from North to the other Pole; which joining 
with the ſame Motion from Eaſt to Weſt, makes 
the Wind North-Eaſt, or Ezſt-North-Eaſt. | 

Some Pilots affirm, that Weſterly Winds gene- 
rally blow in the Ocean, from the Twenty Se- 
venth Degree to the Fortieth. I ſhall explain theſe 
Winds in the manner following, taking the 
Tony Third Degree of Latitude for an Ex- 
ample. chr ta 7 
4 The Air that is between the Two Tropicks, 
goes ſomewhat leſs ſwift towards the Eaſt, than 
the Earth which is under it ; for we perceive 1 
1 | p ut 
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but a gentle Wind, which does not go above Five 
or Ten Foot in a Second; whereas the Surface of 
the Earth which is under the Equator, goes about 
1423 Foot in the ſame Time: But the Surface 
of rhe Earth at the Thirty Third Degree of La- 
titude, does not go more than 1195 Foot; | 
conſequently if the Air which is in this Parallel, 
went as faſt as that which is under the Equator, it 
would go faſter than the Surface of the Earth about 
228 Foot in a Second. Now if the Air of the 
Twenty Third Degree had no Motion but that 
of the Earth, which being under it, carries it 
along, we ſhould there feel an Exfterly Wind, 
whoſe Velocity would be about Eight or Ten 
Foot in a Second; but becauſe the Air from the 
Equator to the Tenth Degree, draws along that 
which is on the 'Side, always diminiſhing to the 
Thirty Third Degree, it may happen that this a1 
Diminution will be reduced to 2 Foot — 
l 


in a Second; fo that being join'd to the Diminu- by 
tion of Ten Foot in a Second in a different Di- ru 
reftion, which muſt happen if there was no other co 


Cauſe, the Air will be there caus'd to go Ten i 
Foot in a Second more than the Sutface of the m 
Earth towards the EA; and we ſhall there Aj 
feel a Weſterly Wind as great as the Trade-Winds ou 
which are between the Two Tropicks. To this tos 
we may add, that the Trade- Winds meeting with cat 
the Coaſts of America, that are ſhap'd like a half Co 
Moon, from Cayenne to the Gulph of Mexico, may | 
be reflected againſt their high Mountains, and flu: 
aided to produce theſe Weſterly Winds, and en- Re 
creaſe their Velocity. | as 

And theſe Winds would always blow thus, if the 
it was not for one, or ſeveral of the Cauſes before | anc 
mention'd. n . 18 
na There 
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There are a great many Places between the Two 
Tropicks, which produce extraordinary Winds 
that come from the Lands towards the Sea upon 
the Approach of Night, and from the Sea againſt 
the Coaſts, fiom the Sun's Riſing till Noon 
we ſhall explain theſe Winds in the following man- 
ner. | 
Suppoſe there was a great Iſland at the Fifteenth or 
Twentieth Degrees of Latitude , where the Trade 
Winds may blow but feebly; the Sun warming 
the Land of this Iſland from Noon, to Four or 
Five a Clock at Night, and at the ſame Time 
the Sea which is near cauſes no ſenſible Motion 
of Air; but immediately after Sun-ſer, the Air of 
the Sea condenſes very much in cooling, and the 
Earth of the Iſland preſerving its Heat for a long 
Time, the Air which is above condenſes but by little 
and little, and much leſs at firſt than that of the 
Sea; from whence there ought to proceed a Wind 
by the Motion of the Air of the Iſland, which 
runs to fill the Place of that which is ſo much 
condens'd above the Neighbouring Sea. But as 
ſoon as ever the Sun is riſen, the Iſland being 
made cold by the Length of the Night, and the 
Air being there pretty much condens d, there 
ought to be a Reflux of Air, which had mov'd 
towards the Sea in ſuch Proportion, as to 
cauſe a ſmall Wind from the Sea againſt the 
Coaſts. 55 4 

The Viciſſitudes of Winds, or their Flux and Re- 
flux, are further obſerved, according to ſome 
Relations along the Mediterranean Sea, in cer- 
tain Seaſons of the Year ; for it is affirm'd, that 
there is an Eaſterly Wind there in the Morning, 
and a Weſterly at Night. The Firſt may proceed 
from the Dilatation of 17 which is made towards 


the 
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the Countries Eaſtward of this Sea, viz. Natolia, 
Arabia, &c. where the Sun is already riſen very 
high; and when it riſes, with reſpect to the 
Middle of the Mediterranean, this Dilatatjon may 
cauſe an Ezfterly Winds near the Iſlands of Mara 
and Sicily; bur a Weſterly Wind ought to blow 
there from Two or Three in the Afternoon, till 
late inthe Night, by Reaſon of the Dilatation of the 
Air by the Heat of the Sun, which then warms 
very much the Land which is beyond this Sea in 
Spain and Africa, and ceaſes to warm that which 
is near the Faſt; from whence a Reflux of Air mult 
neceſſarily proceed from Weſt to Eaſt in the Mid- 
dle of the Mediterranean rien 


In the Beginning of Nevember, in the Ifle of 


Fance, in Burgundy and Champagne , there are 
generally South Winds which bring great Rains, 
"becauſe then that Parr of the Earth near the North 
Pole, not ſeeing the Sun any more, the Air through 
exceſſive Cold, is there very much condens d, 
, whereby the Land of Africa being mightily warm'd, 
drives its Air thither for many Days together, 
ſo as to heap it up beyond an Aguihbrium; 
whence flowing back, it cauſes a North. Eat Wind, 
which is mild enough, by Reaſon. of the South 
Wind, which has there brought a warm Air, 
which coming to make a Reflux, cauſes fine Wea- 
ther, without cold, for Three or Four Days toge- 
ther; and this is what the French call the Summer 
St. Dennis, or Sr. Martin. 
It is eaſy to conceive, that when the Sun ſhines 
Perpendicularly upon a great Part of the Earth, 
the Air above it is pretty warm, and extends it 
- ſelf every way in Circumference; and that when 
the Air is there made cold by the Abſence of the 
Sun, there ought to be a Reflux of Air, This Flux 


and 
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and Reflux of Air is often ſeen in little : Mr. Huy- 
gens told me, that one Day he had obſervd when 
his Chamber was very cloſe ſhut, that the Mer- 
cury in his Barometer, which was one of thoſe 


wherein the Liquor finks by the Increas d Gravity of 


the Air, and whoſe Variations are very ſenhible, had 
fallen and riſen ſeveral times alternately in a Quarter 
of an Hour. I attributed the Cauſe to ſome Wind 
that was beaten down in the Chimney of his Cham- 
ber, which having there preſs'd the Air, had given it 
a greater Spring, which had made the Liquor fink 
in the Barometer. And this denſe Air, having the 
Liberty to extend it ſelf afterwards by the Ceſlation 


of the Cauſe, repaſs'd through the Chimney, and its 


Spring being diminiſh'd, the Liquor of the Barometer 
roſe. And becauſe the Motion acquir d by the Air 
which went back again up the Chimney, made much 
more go out than was agreeable to the Proportion of 
an Equilibrium, it made another Deſcent of Air 


through the ſame Funnel, which pur in Confuſion the 


Condenſation of the Air of the Chamber beyond an 
Equilibrium, and caus'd the Liquor to fall in the Ba- 
rometer ; and ſo on diminiſhing by little and little, 
till the Equilibrium return d. 

I have ſeen the like Effect in a Lime-kiln it 
was like a little Arch'd Chamber with a Window 
in the Middle of about a Foot and a half Square, 
through which was thrown the Wood to feed 
the Fire. It happen'd that the Fire being very 
great, the Air that was ſhut up, dilated extreamly, 
and Part went out, of the Window with a great 
deal of Velocity, and the Fire being then di- 
miniſh'd by the Defect of Air, the Heat of the 
Air being ſhur up, diminiſh'd, and conſequently 
becoming leſs rarified, the external Air neceſſarily 
re · enter d at the Window, in Form of a Wind that 
1 blew 
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blew and lighted the Fire again, which made the Air 


dilate again by an Increaſe of Heat, and made 


it go out again at the Window. 


This Variation made a kind of Reſpiration like 


that of Animals. Thoſe who have been uſed to this 
Work aſſur'd me, that the ſame Thing is univer- 
fally done in all their Lime-kilns : I further ob- 
ſerv'd, that Butterflies, and other Inſects that fly 
abour the Candle in the Night, heing about a Foot 
or Two from the Window, were drawn into the 
Kiln by the Air which enter d with a great Ve- 
locity, after it had been driven out of it. The 
Times of each Reſpiration was Three or Four 
times longer than that of Animals. „ 

1] have found by ſeveral Obſervations, that at 
Paris, and in the Neighbourhood, the Winds 
in Fifteen Days almoſt make an entire Revolution, 
blowing ſucceſſively from all the Points of the 
Horizon, and that at Full and New Moons, the 
Wind is moſt commonly North, and North-Eaft. 


That is to ſay, if there be a North Wind at New 


Moon, it paſſes ro Eaſt in Three or Four Days, 
and then to Sourh; and then Weſt, and returns to 
North near the Full Moon; from whence it repaſſes 
ſucceſhvely to Eat. South, and Weſt, and returns 
to North, or North-Eaſt, at Full Moon. Some of 
theſe Winds turn ſomerimes a little backward, as 
from Weſt to South V eſt, and from North-Eaſt to 
North, and then theſe Winds laſt for Seven or 
Eight Days; but they very ſeldom go quite round. 
It happens alſo ſome times, that the Wind paſſes 
from Weft to North. Eaſt, and from Eaſt to South. 
Weſt, without ſtopping at any intermediate Points. 
Theſe Revolutions of Winds, may be explain d 
by the Third and Principal Cauſe, in the follow- 
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It is very probable, that the Moon riſing up to 
Its Apogeon, muſt carry a great deal of Air with 
it, it we ſuppoſe it to ſwim in the Air, and that 
its Diameter is about Five or Six Hundred 
Leagues, as the Aſtronomers affirm; for in going 
from the Earth, it ought to carry along with it 
the Air which is next to it; and that, the Air 
which is below, even to the Land that is under 
the Torrid. Zone; and for this Reaſon the Air 
which is near the Poles on each Side, muſt flow 
thither to. preſerve the Equilibrium of its Spring, 
which produces a North Wind towards the Middle 
of the temperate North- Zone; which joining with 
an Eaſterly Wind that is produc'd by the ſaid Firſt 
Caule, vis. (by the Motion of the Earth) makes 
up the North Eat Wind which commonly blows 
at Parzs at the new Moons. 
There ought likewiſe to be a ſmall Northerly 
Wind by the great Motion of the Air carried by 
the Earth, from the EquinoQtial Line, to the 
Fiftieth or Sixtieth Degree. I made an Experi- 
ment with a Ball of Lead of about Two Inches 
Diameter, which I turn'd round very faſt near a 
Pail of Water, and it drew up the Sediment 
which was at the bottom of the Pail ; and then 
having ſuſpended a Ball of about Eighr Inches 
Diameter, and turning it round pretty faſt, it 
made a great Motion of Air Sideways, and 
another very ſmall one upwards towards the 
Pole of the Ball; which I farther confirm'd, 
by placing ſome Down Feathers upon the top of 
a Perpendicular Stick, diſtant about Two or Three 
Inches from rhe Ball, which endeavour'd ro mount 
up towards it; but this Wind was very weak. 
From whence we may Judge, that the Air to- 


wards the Poles moves againſt- the Earth, and 
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may be extended to the 5oth Degree. And imme- 
diately after this Cauſe has ceas'd , and before the 
Reflux of Air, elevated by the Moon, returns to- 
wards the Poles, the Motion of the Earth from 
IWeft to Eaft , may cauſe only an Eafterly Wind, 
which generally laſts but for a Day or *Two : For 


the Moon returning to her Perjzcon, puſhes the 
Air reciprocally towards the Poles, whereby there 


is at firſt a South Eaſt Wind, by the Combination 
of 'this Motion of the Air towards the Poles , and 
of that which comes from the Eaft,, The South 
is then predominant, until the great Motion of the 
Weſterly Winds (which blow as far as the goth 
Degree, as has been ſaid before, and which may 


ſometimes extend themſelves Five or Ten Degrees 


farther, advancing a little towards the Northern 
Climates, and mixing with the South Winds) 
comes to cauſe the Sub Weſt Winds; and the Re- 


flux of the South having ceas d, a Weſterly Wind 


only can ſucceed till the Reflux of Air, (which the 
Seuth Wind had puſh'd towards the North, join d 
to that which is carried by the next Elevation of 


the Moon towards its Apagæon, and by the ſmall 


Motion, which we have before-mention'd) cauſes 
the North and the North Eaſt Wind , as at New 
Moon. 

This Period and Variation of Winds happens 


twice in every Lunar Month. I have obſerv'd it 


for ſeveral Years together, and though there may 
happen ſome Irregularities by the Combinations 


of particular Cauſes; yer I moſt commonly found 


that the North Eaſt Wind blew at the New and 
Full Moons: And the Sauth and Weſt at the Qua- 
dratures. But we may obſerve, that as in Rivers 
where the Flux of the Sea is puſh'd-very high up 


the River, the Ebb or Reflux begins atthe Mouth ud 
A | the 
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the River, whilſt the Flux or Flood ſtill continues 
towards the moſt diſtant Places; ſo the North or 
North. Raſt Wind does not blow at Paris, whilſt 
the Moon is in its Apagæon, till after it is got much 
nearer to the Earth. -. 

Ir is alſo an eaſy matter to conceive that when 
the Moon is near the Tropick of Capricorn in its 
greateſt Sourhern Latitude, the Air which it raiſes 
or repels then, takes up more Time to make its 
Motion ſenſible towards the Northern Countries, 
than when jr is at its greateſt Proximity to the Nor- 
thern Pole; and even that the Motion may be too 
feeble to extend it ſelf towards the Fiftieth Degree 
of Northern Latitude. I have obſerv'd ſeveral 
Times at Paris, that the Wind having been North 
Eaft for Seven or Eight Days together, and where 
the South Winds ought to have blown in their Turn, 
the North Eaſt blew {till below; but there were 
fome very high Clouds, that were carried at the 
ſame Time by the South Wind, though very ſlowly 4 
which made me imagine, that towards the Fortieth 
Degree of Latitude the South and the South VI 
Wind might be powerful enough to blow there 
alone. It muſt needs happen alſo, thabthe unequal 
Elevations of the Moon will make confiderable 
Differences with reſpect to theſe Winds, as well 

with reſpect to their Force, as to the Days when 
they ought to blow. It is likewife neceſſary that 
there ſhould be many Irregularities in theſe Winds, 
by the Mixture of particular Cauſes , of which we 
ſpoke before : But theſe Winds are generally more 
regular in Places where there are the feweſt Moun- 
tains, as in the /e of France and Champaign, than 
in very mountainous Places. | 


b 
| 
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The Motion of Winds is not uniform any more 
than the Current of Rivers; and as in theſe ſo in 


thoſe are Waves and Turnings, which we call 
| Whirlwinds, that have different Velocities. We 


may obſerve in great Storms, that within the Com- 
= of a quarter of a League, where the greateſt 
a 


rt of the Trees have been blown down, there- 


are yet ſome Places where there are ſome left ſtand- 
ing, by Reaſon the Wind has not there been fo vio- 
lent. We may alſo remark, that all Winds blow 
by Firs and ſudden Blaſts ; which we cannot but be 
ſenſible of by the Sound of Bells which diminiſhes 
and increaſes in ſmall Intervals of Time ; of which 
theſe are the Cauſes. Suppoſe there was a mighty 
Wind, and of great Extent, that ſhould meet with 
Houſes towards G, (Fig. 2.) and ſmall Eminences, 


which ſhould make it reflect in ſome Places, and 


make Waves not parallel, as A, B, C, D. Ir is evi- 
dent, that the Spring which they will make by 
their Congreſs ar B, will make the Wave BD, go 
much faſter ; and that that which is in the Dire- 


Etion G B will then ſtrike the Ear more feebly at 


B. The fame Thing conſequently happens in all 
the other Places of the Wind. | 

It happens ſometimes that when a great Wind 
meets Sideways with another more weak, whether 
it be oppos d to it or not, it carries away the Air 
which is neareſt to it, and turns it round with a 
great Velocity; and this turning round of the Air, 
which we call a Whirlwind , goes on with the 
ſtrongeſt Wind, and carries away whatever it heaps 
together, which is not very heavy; as Duſt, dried 
Leaves, and even whole Cocks of Hay , which will 
ſometimes fall above a Quarter of a League diſtant 
from the Place where they were taken up. Theſe 
Whirlwinds ſometimes raiſe up likewiſe a great 

* 
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tity of the Sea Water, which appears to thoſe who 
ſee it ata Diſtance to be a great Column of Wa- 
ter. 

We ſee an Example of theſe Winds that ſtrike 
one another Sideways, but in a contrary Senſe, in 
ſome Chimneys when we have made a great Fire 
in them, the Chamber continuing ſhut : For the 
rarified Air and the Flame which riſes, makes ſome 
Part of the Air of the Chamber to follow ; and 
that which remains being by this Means roo much 
dilated, ſome muſt neceſſarily come down the 
Chimney, which brings back 'ome Smoak with it, 
and diſperſes it throughout the Thamber, and com- 
monly. the Smoak and rarified Air mount up on 
one Side, and the condens'd Air deſcends on the 
other, with a confiderable Quantity of Smoak ; 
but to avoid this, we leave a Window or Door 
half open : For the Air which comes in follows 
the Motion of the Smoak up the Chimney, and 
ſufficiently fills the Chamber ; and if there was on- 
ly an Hole of an Inch Diameter in the Window or 
— for to let in the Air, there wou'd enter a 
Wind great enough to put out a Candle that ſhou'd 
be expos d to it. of 

When the Wind meets with an Obſtacle, as a 
great Wall, it changes its Direction, and is beaten 
down beyond this Obſtacle, as you ſee in Eg. 3. in 
which A B repreſents the Wall, and the Lines 
CA, GH, IL, FB, the Direction of the Wind 
being free. Now it is evident, that the Air is put 
to its Spring between A and B, and that not ha- 
ving Power to extend it ſelf downwards, it ex- 
tends it ſelf on the Side CA, even to DE, and 
the Air which is towards R, having but a little 
Motion, that which is at D E M, is puſh'd thi- 
ther by that which is above it from M to N, as 
we 
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we ſes it happens in Water, beyond the Piles of 


Bridges, where it is very rapid. 


From whence it follows, that if on that Side 


from which the Wind comes, there be a Wall 
higher than a Chimney , the Smoak can hardly 
come out, becauſe the Wind beats down in a Whirl- 
wind, after having paſsd the Wall, and forcibly 
enters the Funnel of the Chimney ; and though 
even the Wall ſhou'd be level with the Chimney, 
and a little diſtant from it, yet it would have almoſt 
the ſame Effect: As we may judge by Fg. 4. in 
which A B ſhews the Direction of the Wind, B C 
is the Wall oppoſite to this Directioſ, D E are two 
Funnels of Chimnneys level with the Wall. The 
Wind that meets with the Wall is repell'd as to 
F G, and enters not into the Chimney D; on the 
_ contrary, it carries away the Smoak that comes out 
of it with great Violence; but the ſuperior Wind 
AB that continues violent, meeting with it at G, 
turns it into a kind of Whirlwind, and gives it 
the circular Motion G HE, and conſequently it is 
beaten down the Chimney E, which hinders the 
Smoak from going out. But if the Wind ſtrikes the 
Wall that is before the Chimney obliquely, the 
Smoak will go out free enough, for Part of the 
Wind AB will be reflected by the Side, and will 


Tiſe but a very little; and conſequently make no 


conſiderable Whirlwind to beat down the Smoak. 
The Variety of Winds that blow at the fame 
Time in different Places proceeds from ſeveral 


The firſt is, That the Winds always blow in a 
great Circle, from whence it is eaſy to judge, that 
if one continued Weſterly or South weſterly Wind 
ſnou d go round the Earth, it wou'd ſeem = 

| jt- 
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different in Places at a great Diſtance one from the 
other. | 


The Second Cauſe is, That a great Wind blow- 
ing in any Place, carries the Air with it on both 
Sides, and puſhes it a little to the Sides; as we ſee 
in Rivers, where the Middle going very faſt, puſhes 
the Waves a little obliquely towards the Shore. 


The Third is, when in two Places of the Earth, 
about a Hundred Leagues diſtant from one another, 
there ariſe great Quantities of Exhalations and 
Vapours, which drive the Air in a Circumference, 
whether at the ſame Time, or in the Space of ſome 
Hours, there neceſſarily will ariſe two contrary 
Winds, from one of theſe Places towards the o- 
— which mceting, go back with oppoſite Dire- 

ion. | 2 


The Fourth and laſt Cauſe is, the Oppoſition of 
high Mountains, which reflect the Winds, and 
make them follow their Directions. We ſee an 
Example of this in the Lake of Geneva which 
ſpreads it ſelf between two Ranges of high Moun- 
rains, for the Space of full Twelve Leagues from 
Geneva to Laugane; where there are ſeldom or 
never known but two Winds to blow, which ſuc- 
ceed one another and follow the Direction of the 
Lake; which might alſo oppoſe one another towards 
the Middle of the Lake, if there ſhould blow a 
Wind at Geneva a little obliquely to the Direction 
of the Mountains, and another at Lazzane oblique- © 
ly in a different Direction; as if EF and IH were 
the Winds, A BCD the Mountains; for E F be- 
ing reflected to F G, and from I H ro HL cauſe 
theſe two contrary Winds to meet towards M N, 
as in Fig. 5, The 
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The ſame Thing happens at the Port of Amble- 
teuſe near Calais; where the Weſt South Weſt blows 
about Three Quarters of the Lear, by Reaſon that 
the Engliſh Coaſts and thoſe of France, which are 
oppoſite ro them in this Place, have this Direction; 
and Ten Leagues from thence there may be a South 
Eaft or North Wind. I causd ſome Obſervations 
to be made near Cherbourg Glaſs-Houſe, which do 
fully convince me, that only Two oppoſite Winds 
blow rhere, which ſucceed one another alternately, 
viz. the NE and SW, which happens from the 
fame Cauſe of the Directions of ſome Moun- 
rains. | | 
Mr. Farin, who has made Obſervations in the 
Ifle of Gorea near Cape Verd, aſſur d me, that a 
North Weſt Wind blows there often inſtcad of an 
Ezfterly ; which proceeds from the high Mountains 
about a League diſtant from this Ifland , on the 
North Weſt Side, which reflect the Trade Winds 
Eaſt or South Eaſt towards it , and cauſe a North 
Weſt Wind, when theſe fame Trade Winds are 
ceiv'd at the ſame Time Ten Leagues beyond 

this Iſland at high Water. I have been credibly 
inform'd, that when Ships ſail along the Coaſts of 
Genoa, where there are very high Mountains, be- 
rween ſome of which there are long Valleys that 
have their Direction towards the Sea, there is felt a 
conſiderable Wind blowing from the Shore, when 
w_ Veſſels are directly oppoſite to one of theſe 

alleys. 
; £4 Revs known great Variety of Winds at the ſame 
Time, by the Obſervations made at Warſaw in Po- 
land, by Mr. Deſnoyers , and at Aberdeen in Scot- 
lund by Mr. Gregory; by comparing them with 
thoſe that I made at Paris at the ſame Time; for 


the Winds often difter there from thoſe of Paris 
| | | NEAT. 
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near the Eighth Part of the Compaſs; as when the 
Wind is South Teſt at Faris it ſhall be Weſt at A- 
berdeen. The Winds at Parts are ſometimes quite 
oppolite to thoſe of Warſaw The Wind being the 
ſame Day South Weſt at Paris, and North Eaſt at 
Warſaw : Theſe Cities are ſituated very near Weſt- 
South Weſt , and Eaſt North Eaſt, with reſpect to 
each other; from whence it muſt neceſſarily follow, 
that theſe Winds mult blow almoſt directly againſt 
each other, in ſome Part of Germany near Poland 
or France. I my ſelf obſerv'd this Oppoſition of 
the Wind in one and the ſame Place, as I travell'd, 
by means of a pretty deal of Snow that fell over 
Night: I could perceive that it had been driven 
for the Space of a League, by a South-Eaſt Wind, 
and that in the following League , there had been a 
Calm, and that in the Three or Four following 
Leagues the Snow had been driven by a North-Weſt 
Wind; which I was further confirm d in from the 
Tops of Houſes and Branches of Trees that had no 
Snow on that Side againſt which the Wind did nor 
blow. 

I perceiv'd the like Effect by Obſervations made. 
at the ſame Time at Paris, Loches, and ar Mount 
de Marſan in Guyenne ; tor a South-South-Weft 
having blown three Days ſucceſhvely in theſe three 
Places, which are almoſt in the Direction from 
Co.th-Soutrh-Weſt to North: North Eaft there was a 
North-North-Eaſt at Paris, the South-South-Weſt 
till blowing at Loches and Mount de Marſan : 
The next Day the North. North Eaſt blew at Loches 
and at Paris, and South South-Weſt at Mount de 
Marſan ; and the Third Day the North-North-Eaſt 
blew in theſe three Cities: Whereby ir manifeſtly 
appear d, that Winds repel one another ſometimes, 
and that the ſtrongeſt carries away with it — 
hic 
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- which is oppoſite to it. In the fame correſpondent 
Obſervations, I took Notice that a violent Weſter/y 
Wind having blown at Loches, there was at Paris 
at the ſame Time, a We#-Sourb-Weft, and a Meſt- 
North-Eat at Mount de Marſan ; which may be 
deduc'd from the Second Cauſe of the Diverſity ct 
A 
I have often known a great Variety of Winds at 
the ſame Time, and in the ſame Place, when there 
were Two or Three different Heights of Clouds. 
Which may be explain d, by ſuppoſing that the 
higheſt Clouds are rally driven by the South 
Winds, and the loweſt by the North: And when 
this happens at the ſame Time, t he Clouds of the 
Firſt and Second Height ought to move in a con- | 
Direction; and that does not hinder the | 
Clouds that are very high from being driven by an | 
" Eafterly Wind, which always blows when it is not 
hinder d by other Cauſes, or by a Weſferiy Wind 
produc d by the Third Principal Cauſe, or by ſome 
other particular one. 
To make a ws Obſervation of the different Mo- 
tions of the Clouds, you muſt obſerve the top of 
a Steeple, or ſome other high and fix d Object, in 
order to compare the different Motions of the Su- 
perior and Inferior Clouds; for otherwiſe one may 
be apt to believe, that Two Clouds not equally di- 
ſtant from the Earth, ſhould move in oppoſite Di- 
rections, although they were carried on the ſame 
way, becauſe the Superior ſeem. to go flower than 
* thoſe that are lower, although they go equally faſt; 
and this Appearance of a flower Motion, may make 
one imagine that they move in an oppoſite Di- 
tection. It may be ſuppos'd, that an E2fter/y Wind 
is properly but an Appearance of Wind, =_ the 
J Motion 
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Motion of the Air goes the ſame way as the Sur- 
face of the Earth. 

This Contrariety of Winds in the ſame Place in 
difterent Elevations of Air, may happen when a 
greater Wind, that being carried along a Valley; 
and which of Conſequence has bur little Exrention 
and Elevation, meets with another that takes up a 
much greater Space in the Air; and then the infe- 
rior Wind may force away a part of the other; vis. 
that which is near the Earth, leaving it à free 
Courſe in :the upper Part of the Air, where the 
high Clouds are. | 

But when Two contrary Winds meet, which are 
of equal Strength, Extent and Height, they ſtop one 
another, and cauſe a Calm in the Place of their Meer- 
ing; and having there heap'd up a great deal of 
Air, they preſs it, and increaſe its Spring, whereby 
it happens that this Air, to regain its Liberty, flows 
back both ways, and makes Two other contrary 
Winds, which blow both from this Place. | 

If there happens to blow a Sourh Wind in Win- 
ter that comes from afar, it may drive along the 
higheſt Clouds; for blowing along a Tangent, ir 
removes more and more from the Earth as it ad- 
vances ; and having at laſt very much condens d the 
ſuperior Air. the Spring of this Air may cauſe 3 
Northerly Wind near the Earth, that will force 
down the Rain or Snow; which I have ſeen happen 
{everal times. All the Winds that blow throughout 
the Earth, may be explain'd after rhe fame Man- 
ner, from theſe difterent, general, and particular 
Cauſes. | $1234 
With reſpeCt to Storms, and great Tempelts, it 
is difficult to explain them from common Cauſes. 
We may obſerve in Summer, that it generally rains 
pretty thick, and in great Drops, which are al- 
* e | 
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ways accompany d with a violent Wind that pre- 
cedes them ſome Seconds, and that its Violence 
ceaſes as ſoon as the Cloud has paſs'd by. I ſhall 
in the following Manner explain theſe Storms, ſome 
of which are ſtrong enough to blow down Trees and 
the Roofs of Houſes. . | 
When Two great Winds ( inclin'd to one another 
in an Angle of Fifteen or Sixteen Degrees, come 
from afar, and having collected and driven before 
'em all the Vapours they met with, and form'd each 
a thick Cloud of them,) begin to meet; they con- 
denſe the Air in the Place of their Meeting, put- 
ting it to a great Spring; and according to the Rules 
of Percuſſion, make it go almoſt a Third Part 
faſter than each of them did ſeparately; Suppoſing 
then that theſe Winds ſhould go with'the Velocity 
of Twenty Four Feet in a Second, which is the 
uſual Velocity of offenſive Wind, againſt which it 
is often rroubleſome for us ro Walk; the Wind 
compos d of theſe Two, goes with the Velocity of 
Thirty Two Feet in a Second, and the thick Cloud 
which they drive before em, being riſen half, or a 
quarter of a League high, the Drops of Rain which 
are form'd there, are about Three Lines in Dia- 
meter, and acquire their compleat Velocity of fal- 
ling Thirty Two Feet in a Second, after they have 
fallen One Hundred Foot, as has been explain d at 
the End of the Treatiſe of Percuſſion: Each Drop 
in falling from the Height of the Cloud, draws 
along with it Two or Three Times as much Air 
as its own Bigneſs, which is prov'd by an Expe- 
riment of a Ball of Lead, let fall into a Pail of 
Water; for as ſoon as it touch'd the Bottom, there 
will riſe up Two or Three Bubbles of Air, each as 
big as the Lead, which muſt proceed from the 
Air's following it to the bottom of the Pail. Now 

* 
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we know that in many Places they make uſe 
of a kind of Bellows to melt Tron in Furnaces, 
only by the Fall of Water, which is thus per- 
T 4 
They have a Pipe of Wood, or Tin, about 
Fifteen or Sixteen Foot High, and a Foot Dia- 
meter, which is cloſely fix d to an indifferent 
large Tub- inverted, the bottom of which is plac'd 
upon the Ground ; ſo that when a little Water 
falls there, it ſhuts the Openings, and prevents 
the Air from paſſing through any more. They 
always leave an Opening at the top of the Pipe, 
of about Three or Four Inches Diameter, in which 
they put a Funnel, whoſe Neck fits the ſaid Hole; 
then from an Height of Fifteen, Twenty, or T oy 
Foot, they let fall Water from ſome Spring or Pond, 
the Largeneſs of which in falling, is almoſt equal 
to the opening of the Funnel, ſo that the Water 
can't riſe there above Five or Six Inches ' high. 
This Water in falling, draws with it a great 
Quantity of Air, which follows it to the lower 
Part of the Funnel, and even to the bottom of the 
Tub, and cannot go out again through the Fun- 
nel, by Reaſon of the Weight of the Water which 
continues to fall, and the Velocity of its Motion; 
there is alſo a Pipe at the Side of the Tub, 
which is narrower and narrower, till it 
comes to the Hole of the bottom of the Fur- 
nace, where the Charcoal is to be blown, and 
the Air that is preſsd and ſhut up in the 
Tub not being able to get out at Top, by Rea- 
ſon of the impetuous Fall of Water, which 
keeps the Neck of the Funnel continually full; 
nor at bottom, by Reaſon of the great Quantity of 
| Water there, and which 1 or Two 8 3 
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It is therefore conſtrain d to iſſue out with great 
Violence at the End of the Pipe, ſo as to have the 
ſame Effect in blowing the Charcoal, as great Lea- 
thern Bellows, which we make Uſe of upon other 
Occaſions. It muſt then conſequently happen, 


that the Water which falls from the Clouds in 


great Drops, and in great Abundance, draws a 
great deal of Air with it, as has been before 
proved ; which cannot riſe again when it is near 
the Earth, by reaſon of the impetuous Falling of 
the other Drops; it cannot alſo extend it felt to- 
wards the back part of the Cloud, becauſe it is 
ſuſtained by the great Wind that drives it ; and 
even very inconſiderably towards the Sides, becauſe 
5 ſame Wind alſo preſſes the Cloud on each 
It remains therefore, that all its Effort muſt be 
made towards the Forepart of the Rain, and that 
this Effort being joined with that of the Wind which 
carries the Cloud along, muſt have about twice the 
Velocity of the Wind that puſhes it; and that this 
Wind thus increaſed, mult go above Sixty Foot in 
.a Second, which may then be ſtrong enough to 
blow: down Trees, as I ſhall further prove. It can- 
not precede the Rain above Three or Four Hundred 
Paces, generally ſpeaking, for the Reaſon already 
given, that a Space of Air driven along with a cer- 
tain Velocity, cannot continue its Motion very far 
in a Itrait Line, if the Cauſe of the Impulſion 
ceaſes, I was confirm'd in my Opinion of this 
_ _ Hypothefis, in ſeeing Rain fall from a Cloud at a 
Leagues Diſtance; for from that Side from whence 
the Wind came, the Drops fell almoſt Perpendicu- 
lar: But in the Middle, and as far as the firſt 
Drops, they made an Angle of above Forty Five 
„ aSin Hg. 6. in which A B, is the 38 
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B D, the Side from whence the Wind comes; and 
G H, the moſt advanc'd Drops. The ſame Thing 
neceſſarily happens in Hail, and eſpecially if it he 
very thick, and the Hail-Stones pretty large, for 
then it will draw down more Air from above, and 
make a Storm yet more violent, whoſe Velocity 
may be Seventy Five Foot in a Second. The great 
Winds that happen without Rain, muſt proceed 
from the Combination of Three or Four Cauſes, 
and they come commonly from the Sourb and Sou h- 
Eaſt; there may then happen to riſe a great Quan- 
tity of Vapours and Exhalations at the ſame Time 
in Africa; and there may be exceſſwe Heat for Three 
or Four Days together; the Northern Countries may 
grow more Cold, and the Moon deſcending to- 
wards its Perigæon from its higheſt Apagæon, makes 
a Reflux of the Air, which was carried thither by a 
North-Eaft Wind: Theſe Four Cauſes together make 
a very great Wind, which will blow ſucceſſiwely 
from Africa to Eng/and. Ez | 

I obſerved one Day at Paris, a great Storm com- 
ing from the South; and I was then credibly in- 
form'd, that 'Two or Three Days before, there had 
been a furious Storm upon the Coaft of Alzrer. 
Now this City is very near in the ſame Meridian 
with Paris; and if this Wind went Thirty Feet in a 
Second, it might arrive in Two Days at Parzs from 
A/gier. To explain theſe Hurricanes, which rage 
almoſt every Year in ſome of theſe Iſles, call d 
the Autille, we muſt have Recourſe to ſome other 
Cauſes. Firſt, Becauſe theſe Tempeſts are much 
more violent, and go above One Hundred Feet in a 
Second. Secondly, That they laſt but for Seven or 
Eight Hours. Thirdly, That they ſeldom are known 
to he any where but in thoſe Iſlands. And Fourthly, 


That they generally begin with a North-Weſt Wind, 
E 2 which 


52 A Treatiſe of 


which changes ſucceſſively into other Winds, vs. 
Weft, South-Weſt, South, South-Eaft, North-Eaſt, and 
North. Fifthly, Thar there are found in the Neigh- 
bouring Seas, great Quantities of dead Fiſh, and 
that Earthquakes are felt there: From all which 
Circumſtances we may conjecture, that the Earth 
which is under theſe Seas, throws up Nitrous and 
Sulphureous Exhalations in ſeveral Places ſucceſ- 
tively, which cannot be taken Notice of, becauſe 
the Veſſels that come into theſe Places mult be ſunk ; 
and it may happen, that the Firſt Eruptions being 
made near the Continent of America, the North- 
Weſt Winds which they raiſe, may be reflected 
againſt the Coaſts of Cayenne, and the Neighbouring 
Coaſts ; and there _ made at the ſame Time 
new Eruptions, the firſt having ceas'd, the Wind 
muſt increaſe, and come from the IWef?, as thoſe 
aſſure me that have perceiv'd their Effects; and 
theſe Eruptions of Fire, and Nitrous and Sulphu- 


reous Exhalations, muſt deſtroy great Quantities of 


Fiſh in the Places where they riſe up. Thoſe who 
have been acquainted with theſe Hurricanes, and 
have obſerv'd many, other Circumſtances, may ex- 
plain them with more Certainty, + 
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of * Equilibrium of Fluids "yt their 
15 Gravity, 


0 R the better Explination of the 
"7 aPs Equilibrium of Fluids, with reſpect 


© © to each other, or to other Bodies, 
0 * Rat ea make Uſe of the following 
R U L . I, 


A Body reſiſts 4 Force that endeavours to raiſe it, 
only —_ as that Force makes it move from 
the Center of the Earth; and a very heavy Body 
may be movd with a very ſmall Force, if you 
don't make it change its Diſtance, with reſpect to 
that Center, 

E 3 The 
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The Experiment is thus made ; Put a great Ci- 
ſtern full of Water in a cloſe Place, where there is 
no Wind ſtirring; (Fig. 7.) let G, a great heavy 
Veſfel, Swim upon the Surface of the Water; tie 
2 fine Silken Thread to it, as HI, and draw it 
along in ſuch manner that it may not break, i. e. 
with a very ſmall Force; the Veſſel G will follow 
the Thread; and although little Waves will ariſe 
in the Water, and ſome Force be requiſite to divide 
it, yet that won't hinder the Veſſel from going 
pretty faſt when it gets near the Point D, if its 
Motion be accelerated by little and little. Indeed if 

ou would immediately give a conſiderable Swift- 
nef$ to the Veſſel G; you wot'd break the Thread, 
and even a pretty ſtrong Cord, almoſt as ſoon as 
if it were tied to an immoveable Body, becauſe a 
very heavy Body cannotreceive a very great Motion 
all at once, but by a very great Force. 

This Truth is ſtill further confirmed, by hang- 
ing a very great Weight by a long Cord in an open 
Place; for the leaſt Wind will give it Motion, 
though it can't move without receding a little far- 
ther from the Center of the Earth, than it was 
when at Reſt : Hence you ſee the Reaſon why it is 
ealy to ſuſtain a very heavy Bowl, as D, (Hg. 8.) 
vpon a Plain very much inclined, as A B, for the 
Bowl being drawn or puſh d from A, to B, it riſes 
no higher with reſpect to the Center of the Earth, 
than the length of the Line B C, which is ſu 

'd Perpendicular to the Horizontal Line A C; 
whereas if it had been raiſed Perpendicularly in 
the ſame Time, to an Height equal to A B, it had 
atted with all its Gravity, and a much greater 
Force would have been neceſſary to have rais d it. 
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RULE H. 


If Two Bodies without Elaſticity, and of the 
ſame Kind, meeting each other horizontally and 
directly, have equal Quantities of Motion; that is, 
if their Velocities be reciprocally as their Bulks, at 
their Congreſs they will make an Equilibrium. (Bo- 
dies of the ſame Kind being ſuppoſed to have rheir 
Weights proportioned to their Quantities of Mrtrer :) 

According to this Rule, if a Weight of Two 
Pounds moving with Four Degrees of Velocity, 
meets directly and horizonrally another of Four 
Pounds, which has Two Degrees of Velocity, 
they will ſtop each other, and make an Equili- 
brium. But if the firſt of Two Pounds moves Six 


times faſter than another of Ten Pounds , ir will 


carry it along with it; for the Product of Two, 
Multiplied by Six, being Twelve, 15 ter than 
the Product of Ten, Multiplied by an Unit: Theſe 
Weights are ſuppoſed to ſtick together at their 
Congreſs. Hence the Truth of that Mechanical 
Principle is eafily demonſtrated, which has been 
ill proved by Archimedes, Galileo, and many others: 


Namely, that in a Balance, when Weights are to 


each otherreciprocally as their Diftances from the 
“Center of the Balance (Fig. 9.) they make an 
* Equilibrium ;--- for let B A C be the Balance, A the 
Center of Motion, A C four times the Length of 
A B, the Weight B four times greater than the 
Weight C; I fay that one of the Weights will not 
overbalance the other; for ſuppoſe (if it be poſ- 
ſible) that the Weight B ſhou d prepondetate; it 
can't move with any Velocity whatſoever, detcend- 
ing in the Arc B D, but it muſt make the Weight 
C move four times faſter in the Arc C E, ſince the 

* B 4 Semi- 
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Semidiameter A C is four times as long as the Semi- 

diameter A B, and then the Quantities of Motion of 
theſe Two Bodies would be equal ; and one Quanti- 

ty of Motion would be ſuppoſed to overpower ano- 
ther, which ſhould, be equal to it, which is impoſ- 
ſible; ſince they ought to make an Equilibrium by 
the Second Rule. For the ſame Reaſon the Weight 
C cannot deſcend; but if you put it a little further 
from the Point A, it will deſcend, for then it can 
give the other Weight a leſs Quantity of Motion 
than it will take it ſelf; and conſequently it will 
overpower it; and. tis. pretty ſtrange that the 
Weight B being Thirty Pounds, and the Arm AB 
a Foot long, it a Man can't ſuſtain this Weigh, by 
putting his Hand under it, yet a Weight of One 
Pound may by the dame Man be eaſily ſuſtained by 

his Hand under it, at Thirty One Foot Diſtance 
from the Point A, if the Weight B be taken away; 
for it will only have One Pound Weight, though it 
were placed at One Hundred Foot Diſtance from 
the Point A; and yęt at the ſame Time, if you 
place the little Weight at Thirty One Foot Di- 
tance from the Point A, and the great one at one 
Foot, the little one will preponderate; which cou'd 

not happen were it not diſpoſed in its Deſcent, to 

give a leſs Quantity of Motion to the Weight B, 
than it takes it ſelf, and did they not both a&t 
with all the Force of their Gravity by the firſt Rule; 
becaule they haye the ſame Direction towards the 
Center of the Earth, ©, 


RULE I... 


When Two Weights not having the ſame Di- 
c<ction rowards the Center of the Earth, are fo 
-1P9icd, that one can't move without making the 

e other 
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other move as faſt ; the Force of each of them is 
not to be eſtimated by its abſolute Quantity of Mo- 
tion, but by a relative one, which is found by 
multiplying each Weight into its Velocity, with 
reſpect to its approaching to or receding from the 
Center of the Earth. wes 


The EXPLANATION. Fg. 10. 


A is a Weight hung upon the Pully B, by the 
Cord E B A, which likewiſe ſuſtains the Bolt CD 
by means of two little Cords. tied to the Axis of 
the Bowl, and to the Point E of the Cord AB E. 
HG is a Horizontal Line, H F is a perpendicular 
one; E B is a Parallel to the inclin d Plain G F, 
repreſented by the Line G F. It clearly appears, 
thar the Bowl is diſpoſed to move as faſt as the 
Weight A, whether the Weight A deſcends, or the 
Bowl in deſcending makes it riſe; but when the 
Bowl in deſcending obliquely has paſS'd through 
the Space F G, it will have got.no nearer the Cen- 
ter of the Earth than the Diſtance. FH; all the 
Points of the Line H G of two ot three Foot in 
Leugth, are to be look d upon as equally diſtant 
from the Center of the Earth, becaule the Diffe- 
rence is inſenfible. To know then the Forces of 
theſe Weights or their reſpective Quantities. o 
Motion, you mult multiply; the,, Weight of the 
Bowl CD, by the Length of the Line F H, and 
that of the Bowl A by a Length equal to FG, be- 
cauſe this latter Bowl goes as far whether in aſcend- 
ing or deſcending, as the Bowl CD, and moves 
directly towards the Center of the Earth: Now if 
F G be thrice as long as FH, and the Weight 
CD be chrice as heavy as the Weight A, you will 
ſee that there will be an Ezuilibrium betwixt the 
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two Weights, which proceeds from the Reafons he- 
fore explained in the two firſt Rules. Bur if you 
add ſome Weight either to the Weight A. or to the 
Weight B, that to which you add the Weight will 
deſcend, and make the other riſe , abſtracting from 
the Friction of the Pully and the Axis. You may 
explain in like manner the Ezuilibriumt that ought 


to happen when the Plain FG is more or leſs in- 


clin d, by Application of the ſame Rules, which 
* be called Experimental Principles, or Laws of 
ature. 

If two Weights as A and B in the 11th Figure, 
be upon Plains differently inclind as CD, CF, 
the Line DF heing ſappoſed Horizontal, and the 
Line C G perpendicular to D F; to make an Equ:- 
Ebrizm the Weight B muſt be to the Weight A as 
the Line CF is to the Line C D; and the Proof 
may be deduced from the ſame Rules: For if F H 
be taken equal to CD, and HI be drawn parallel 
to CG, tis plain, that whilſt the Weight B wou'd 

from F to H, the Weight A would gofrom C to 
5 then CG would be the Meaſure of the Veloci- 
ty of the Weight A, with reſpect to the Center of 
the Earth ; and HT that of the Weight B, going 
from F to H in the ſame Time: But as FC is to F H, 
10 is CG to HI; and by the third Rule, the Weight 


B ought to be to the Weight A, as CG is to HI; 


that is, as F C to CD, in order to make an Equi/:- 
brim. And conſequently theſe Weights thus diſpo- 
fed will ſtop each other. . 
The fame Thing will happen to Weights faften- 
ed to the Extremities of the Spokes of a Wheel; 
that is, that the Weight A (Fig. 12.) placed at the 
End of the Spoke K A, may make an Equilibrium 
with the Weight B, the Line AK being Horizontal; 
and the Line BK being rais d fixty W 
2 


. 
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A K F, the Weight B muſt be double the Weight 
of A; for the Line B F being drawn perpendicular 
to the Spoke K B till it meets with the Line A K 
G F, the Plain B F will be rais d 30 Degrees, 
and the Perpeadicular BG will be but half the 
Length of BF, then the Motion of the Weight B 
towards F, being made at tlie Beginning along the 
Tangent B F, will get no nearer the Center of the 
Earth than in Proportion to the Space B G, the half 
of B F ; whereas the Weight A will have its Dire- 
ction along the Tangent MAH, perpendicalar to 
AK F, which moves direcly from the ſaid Cen- 
tet; and conſequently it will be diſpos'd to go 
twice as faſt as the Weight B, with reſpect to that 
Center: But as F B is to B G, ſo is the Spoke KB 
or AK to K G; then the Weight B will have the 
ſame Effect with reſpect to the Weight A, as if it 
were at G; that is, if A K be the Meaſure of the 
Velocity of the Weight, A K G will be the Meaſure 
of the Velocity of the Weight B; but AK is dou- 
ble the Length of K G, as F B is of B G; then the 
Weight A will be reciprocally to the Weight B as 
K Gro K A. And by the Second and Third Rule, 
theſe Weights thus diſpoſed will make an Eguilibri- 
um, and the one will not over- power the other. | 
The ſame Thing will happen to Powers, which 
being faſtened to the Extremities of equal Spokes 
draw obliquely and dire ly: For at the Point L, in 
the Line B G, continued directly to L, let a Power 
draw by the Rope LB tied to B, according to the Di- 
rection B L; and let another Power at M draw 
along the Tangent A M, by the Cord A M, faſten- 
ed to the Point A: If theſe Powers be qua they 
will not make an Ezuilibrium; but the Power at 
M will over-balance the other ; and to make an 
Equilibrium, the Power at L, ought to be ” the 
| | 5 b Oer 
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Power at M, as the Line A K to the Line K G; be- 
cauſe the Power at L does not draw the Point B di- 
rectly to it; but it goes along the Tangent B F at 
the Beginning of its Motion, and at the ſame Time 
the Power at M goes directly along the Langent 
H AM. Now if you ſuppoſe B Nindefinitely ſhort 
in the Tangent B F, and N Q perpendicular to B 
L, tis evident that the Point B being at N, the 
Point L will be got to P, if NP be parallel and 
equal to B L; and L R and Q MN being parallel to 
AF, RP will be equal to BQ, and LP to BN: 
Now the Power fix d at the Point M will be got 
forwards the Length of a Line equal to B N or 
LP, according to the Direction A M,, in which it 
endeavours to move; and the Power at L will be) 
got no farther in the ſame Time according to its 
Direction BL or NP, than the Length of the 
Line RP, which is but the half of B Nor LP, as 
B G is but the half of BF: So that to make an 
Equilibrium betwixt the two Powers, that which is 
at the Point L 6ught to be double that at the Point 
A, this latter drawing along the Tangent HAM, 
and the other accord ing to the Direction. BL, which 
makes an Angle of 30 Degrees with the Spoke K B. 
So that the Weight B muſt be twice as heavy as 
that at A to make an We Nit. J 111 
From theſe Three Experimental Principles, one 
general Rule for all moving Forces may be dedu- 
ced : Which Rule or Univerlal Principle is this, 


The General Mechanical Principle. 


WHEN two Weights, or other Powers, are ſo 
diſpoſed, that the one cant move without moving 
the other, if the Space which one of the Weights 

; N ought 
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ought to move through, according to its proper and 
natural Direction, be to the Space through which 
the other ought to move in the ſame Time, accord- 
ing to its proper and natural Direction, reciprocal- 
ly as this laſt Weight is to the firſt ; there will be 
an Equilibrium betwixt the two Weights: But if 
the Proportion of one of the Weights be greater 
than that of the other, the Weight which has the 
greateſt Proportion will over-balance. 

From this Principle a ſurprizing Effect may be 
demonſtrated, which can't eaſily be proved by other 
Hypotheſes ;, namely, That if wo Brachia or Arms 
ot equal Length, be fix d to the ſame Axis A, as 
AB, AC, Eg. 13. and a Weight E be put upon 
the Arm AB, and another Weight 6 upon the 
Arm A C, at the Point F; ſo that the Diſtances 
AE; AF be equal ; the Weight at F being round 
and not faſtened to the Point F, in ſuch Manner 
.that it might roll from F to C, were it not hin- 
dered by the perpendicular Glaſs Plane, which is 
very well poliſh'd asG Cg : To make an Eguili- 
brium, the Weight E muſt be much greater than 
the Weight b, v/z. in the Proportion of A E to 
AH, if the Line H F be perpendicular to BA GK; 
the contrary of which happens when the Weight 
at F is faſtened to the inclined Plain A FC; for 
then to make an Equilibrium, the Weight at F muſt 
be greater than the Weight E in the ſame Proporti- 
on, as the Line E A is to A H, as was explained in 
the foregoing Figure. 

For Proof this Paradox, dfaw the Horizontal 
Line f b e paſſing through the Center of the Bowl b ; 
"tis evident, that the Point e is higher than the 
Fulcrum or fix d Point F; and that the Line b e is 
a little longer khan Semidiameter þ f. But to de- 
monſtrate this, you muſt ſuppoſe the Triangle Fd 


very 


* 
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very ſmall, and the Point F join'd to the Point e, 

and the Perpendicular F h to through this 

Point: Now the Bowl ô in its Deſcent will make 

the Point C turn in the Arc Cd; and if dg 
be equal to the Diameter of the Bowl, the ſame 
Arm will be in the Situation A h d, when the Dia- 
meter of this Bowl will be got to de. and the fix d 
Point F will have deſcrib'd rhe Arc Fh in the ſame 
Time that the Center of the Bowl has de- 

ended by a Space equal to e d. But if by Reaſon 
of the Smallneſs of the Arc you take the Arc Fh 
For its Tangent, you will have the Triangle F h 4 
ſimilar to the Triangle AHF, and d F will be to 
F b, as F A or e A to AH; and becauſe the Weight 

E riſes only in Proportion to the Line F þ, the Space 
paſs d through by the Bowl in deſcending direMy 
from the Point F to d, will be to the Space paſs'd 
through in the ſame Time by the Weight E in aſ⸗ 
cending again directly, as A E is to A H; then by 
the general Principle, the Weight E ought to be to 
the Weight v6, as E A is to AH in order to make 
an librium; and becauſe the Bowl falls from a 
Point a little higher than the Point F; namely, 

from e, it follows, that the Weights being accord- 
ing to this Proportion, the Weight b will deſcend 
and make the Weight E riſe, which I have found 
true by Experiment ; for having diſpoſed the Arm 
AC in ſuch Manner as to make an Angle of 60 De- 
grees with the Horizontal Arm A HK, I obſerved 
that the Weight b being double the Weight E, it 
made an Equilibrizm with it, when I had ftopp'd 
it. to hinder it from rowling ; but having left ir free, 
only placing a Piece of Looking-Glaſs, repreſented 
by CG, to hinder it from rowling on one Side, I 
was obliged: to put the double Weight at E, and 
the ſingle one at h, to make the Eguilibrium, and 
even 
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even to add a little to the Weight at E. The ſame 
Reaſons will likewiſe prove, that if the Angle KAC 
were of 45 Degrees, the Weight E mult be the 
greateſt, in Proportion as the Diagonal of a 
Is to its Side in order to make an Equilibrium. That 
the Center of the Bowl F is a little on one Side of 
the fix d Point, is not here conſidered. 

Theſe Things being preſuppoſed, the Eguilibri- 
ums of Fluids may be explained well enough. 

The lighteſt, that is to ſay , the /zaft heavy Fluid 
is Flame, but becauſe it riſes in the Air, and does 
not lye extended upon. other Bodies, it can't make 
an Euilibrium by its Weight, but only by its Im- 
pulſe and by its Spring. 

Air, which is extended above the Earth and Wa- 
ter, can make an 8 with other Fluids 
more groſs than it ſelf, and even with hard and ſo- 
lid Bodies, by its Weight, by its Impulſe, and by 
its Elaſticity. The Weight of the Air is provd 
from the Effects of the Barometer, which is a 
ſtrait Glaſs Tube two Foot and an half or three 
Foot long, hermetically ſeal'd at one End. You 
fill it with Mercury, no Air being left within it, 
and ſtop the other End with your Finger ; and at- 
ter having turned the ſeal'd End uppermoſt, you 
dip the Finger in ſome other Mercury put into a 
Veſſel, then take away the Finger that ſuſtain d the 
Mercury in the Tube, and ſome part of it will fall 
into the Veſſel, and after ſome Vibrations it will reſt 
in the Tube 27 or 28 Inches high ( Paris. Mea - 
ſure;) for according to the Changes of the Winds 
and Air, it riſes ſometimes to 28 Inches and an half, 
and at other Times only to 26 and an half, and 
commonly at Paris it riſes to 27 Inches and an half 
or thereabouts. 0 5 


Now 
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No this riſing of the Alercury can't well be 
explain d, unleſs you ſuppoſe that a Column of Air 
of the ſame Breadth with the internal Diameter of 
the Tube weighs as much as the 27 or 28 Inches of 
Mercury which roſe in the Tube, taking this Co- 
lumn from the Surface of the Mercury in the Veſ- 
ſel, to the utmoſt Limits of the higheſt Region of 
the Air; for if you carry the Barometer up to the 
Top of a Mountain, or of a very high Tower, you 
will ſee the Mercury fall by little and little, till it 
be reduced to the Height of 24 or 25 Inches, as be- 
ing then preſo d by a ſhorter Column, and therefore 
a leſs Quantity of Air; and if you go down with it 
into a very deep Cave or Mine it riſes by little and 
Hrtle, accord ing as you deſcend, as heing ſucceſſ:ve- 
ly preſs d by a greater Quantity of Air. | 
The Weight of the Air and the Equilibrium 
which it makes with Water, may {till further be 
known from the ſame Rules, 3 ſuppoſing that an 
Inch of Mercury weighs almoſt as much as 14 Ve 
Inches of Water, as 1 have found it does by the 5 ah 
Experiments which I have made; for 28 Inches of 20 
Mercury will weigh about as much as 383 Inches 
of Water, which are ſomething ſhort of 32 Foot; 
from whence it follows, that when the Weight o 
the Air makes the Mercury riſe to 28 Inches and 
ſome few Lines, it will make Water riſe 32 Foot 
in a Tube of 35 or 40 Foot long, and that when it 
riſes but 27 Inches and an half, Water ought not 
to riſe quite ſo high as 31 Foot, which is found to 
_ agree well enough with ſome Experiments which 1 
made at the Obſervatory in the following Manner; 
I causd Mr. Hubin an Enameller to make a Glaſs 
Tube 40 Foot long, which he ſecur'd in the Groove 
of a Beam of Wood from being broken in the ma- 
naging ; it conſiſted of five or fix Pieces, which 
Wor x he 
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he ſolder'd rogether by melting the Glaſs, in the 
great Hall of the Obſervatory ; we rais'd one End 
of it to the Top of the Platform, through a Hole 
which is there, that anſwers perpendicularly to the 
Hollow or Newel in the Cellar Stairs ; then we let 
it fall by Degrees till it came to this Hollow, and 
fix d it by tying it in ſeveral Places to the Iron Rails 
or Range; afterwards. we ſtopp'd the lower End, 
and fill d it with Water, and then apply'd a Glaſs 
Stopple to the Hole at Top, that fitted it exactly, 
and in order to ſeal it down yet more cloſely, we 
covered it with a Piece of Bladder ; we likewiſe 
fill'd another ' Veſſel with Water, that was plac'd 
below the other End of the Tube , till thar End 
dipp'd in the Water, and after we had unſtopp d it, 
the Water in the Tube fell about 12 Foot; but ſo 
many Bubbles of Air came out of it, that we cou'd 
not mark exactly how high it roſe again; at laſt ir 
reſted at 29 Feet, by Reaſon of the Spring of the 
Air in the Bubbles, which came out of the Water, 
and roſe to the Top of the Tube. Two Days at- 
ter, we again put Water into it , that had been 
boil'd a little before, to expel the Aerial Matter 
out of it; we renew'd the Experiment , and the 
Water, after ſome Vibrations, 1 at 29 Feet 
4 Inches, or thereabouts; but we ſaw it riſe higher 
by little and little, till it reſted at 30 Feet 2 Inches, 
the other Barometers in the mean Time never 
changing. I attributed the Cauſe to this Water's 
having a little Dirt mix'd with it, and conſequently 
it welgh'd more than clear Water; but the Dirt 
deſcended by little and little to the Bottom of the 
Veſſel ; and by this Means the Water becoming 
lighter by Degrees, it roſe higher by littleand little. 
Two Days after, 1 obſerved that the common Ba- 
tometers being at 27 _ 9 Lines, the Water = 
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the long Tube was riſen to 20 Feet 8 Inches; it 
wou'd have riſen a little higher if ſome Bubbles 
of Air had not got to the Top, and hinder its 
Riſe : The common Barometer being at 28 Inches 
it roſe ſtill higher, and fell afterwards when the 
common Barometer was below 28 Inches , whence 
F knew that the Water Barometers have their Varia- 
tions proportion d to thoſe of Mercury, and that 
32 Feet of Water, or thereabouts, may be taken for 
the greateſt Height of theſe Barometers, when the 
Water with which they are fill'd, is of the lighteſt 
Kind, and the Aerial Matter is extracted from it. 
For the more eaſy Calculation, we will here ſuppoſe 
that the Weight of the Atmoſphere makes an Equi- 
hbrium with 32 Feet of freſh Water preciſely, and 
that Mercury weighs preciſely 14 Times more. 
The Weight of the Air is ſtill farther prov'd , by 
an Experiment curious enough: Take a Glaſs Bot- 
tle AB (Fg. 14.) in which there is an Hole made 
of 2 or 2 Lines, as at C; put a Glaſs Tube as D E 
about Two Lines Diameter into the Neck of the 
Bottle, as at G, and cement them together with a 
Mixrure of Wax and Turpentine, or with Pitch, 
fo that the Air can't get between them; then laying 
the Bottle along, through the Aperture C, you fill 
it with Water, and fill likewiſe at the fame Time 
the Tube E D, keeping the End D cloſe: ſtoppd ; 
and when you place the Bottle in its perpendicular 
Situation, the Warer in the Tube will deſcend to E, 
and as much will go out through the Hole C, if the 
Extremity E of the Tube anſwers in Height to the 
Middle of the Hole C; but if the Tube reaches 
down below the Hole as far as I, the Water will 
ceaſe running, when the Tube is empty as far as E, 
and the Bottle will remain full of Water up to the 
cemented Neck towards G; but if the End 4 
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Tube be a little higher than the Top of the Hole 
C, as at Li and it be two or three Lines broad, then 
you will ſee the Air go out — this open End; 
ttle, and at the 
ſame Time the Water will go out through the Hole 


and riſe again to the Top of the 
C, till there be none left above the Point C. | 
Theſe Effects are explained in the following Mannes 


The External Air preſſing towards the Hole C by 


its Weight, endeavours to puſh up the Water, 
which endeavours by its Weight to get out, and the 
Air which is above the Tube ED preſſes likewiſe, 
and acts by its Gravity upon the Water contain d. in 
the Tube, which being _ to the Weight of that 
Water, muſt overpoiſe the Weight of the Air 
which acts at C, which cauſes the Water in that 
Tube to deſcend to E, and then the Air preſſing on 
one Side at E, and at the other at C, Jointly ſu- 
ſtain the Water in the Bottle from E and C up to 
A and H, and it wou'd even ſuſtain it though the 
Height C H were of 30 Feet, provided the End of 
the Tube were below the Bottom of the Hole C; 
but when the Tube deſcends no lower than L, then 
the Water from L to E, join'd to the Weight of the 
Air which preſſes upon L, will over-poiſe the Air 
at C, and the Water will go out through the Hole 
C, whilſt the Air deſcending from D to L, and en- 
tring Drop by Drop into the Water through the 
open End L, riſes above the Surface of the Water 
which is below the Neck of the Bottle; but if you 
incline the Bottle in ſuch Manner that the Point L 
and the Middle of the Aperture C may be in the 
ſame horizontal Line, you will ſee half a Drop of 
Air get below the Point L, but not ſeparate from 
the reſt , unleſs you raiſe the End L à little 
"FI When 
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When you have let ſome Air into the Bottle, fo 
that the Surface of the Water is at NO, and di- 
late that Air by heating it with your Hand, you 
will force out ſome Drops of Water at C, though 
the End of the Tube be below this Hole, and the 
Water will deſcend as to p 9, but if you let the 
Air grow cold again, you will ſee for ſome Time 
Bubbles of Air enter in at C; becauſe the Air which 
had deſcended as far as PQ, contracting it ſelf 
within the Space which it took up at firſt from 
NO to AH, and there being no-Water to fill up the 
Space N OPQ, the Air muſt come in from with- 
out through the Hole C. 

Water has no ſenfible Elaſticity, and makes an E- 
guiſibrium with other Bodies only by its Weight or 
its Impulſe: The firſt Eyuilibrium that is remarkable | 
in Water with reſpect to Air, is, that being reduc'd | 
to very ſmall Particles, it becomes lighter than Air, 
and riſes in a Vapour, as was before obſerved. We 
can't tell how ſmall ſuch a Particle of Water muſt 
be to make an Eguilibrium with the Air near the 
Earth, becauſe thoſe Particles, which are a little 


lighter or a little heavier than Air, are inviſible 


when they are ſeparate from each other. *Tis very 
difficult likewiſe to find out the Reaſon of their 
Riſe, for it can't be that they are mix'd with Air, 
becauſe they wou'd ſtill weigh more than pure Air; 
*tis not by Reaſon of Heat, becauſe we ſee Vapours 
ariſe from very cold Water: tis probable then that 
in the Air there are very fine Pores, void of all 
heavy Matter, into which theſe fine Particles of 
Water may infinuate themſelves and riſe therein, 
and into which the groſſer Particles can't enter. 
Theſe ſmall Particles make an Equilibrium with 
the Air at about a League or two Leagues diſtance 
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ſuſpended, till many of them being Join'd toge- 
ther they become heavier; and when the Air is 
very much rarified, they fall to the Earth. 

This is further illuſtrated by an Experiment in 
the Air Pump; for when 20 have pump'd out 
ſome Part of the Air, you ſee the Recipient grow 
dull by the Fall of the Vapours, which the Air 
by Reaſon of its too great Rarefaction being no 
longer able to ſuſtain, they fall in fine little Drops 


upon the Glaſs which contains them. 


In Places where there are great Water-Falls, you 
ſe Vapours perpetually ariſe, which are nothing but 
Particles of Water broken by their Impulſe : And 
when a Soap Bubble comes to break, one Part of 
the Water of which it conſiſts falls, and the reſt be- 
ing reduc'd to very fine Particles aſcends in a Va- 


RULE I. 
For the Equilibrium of Water by its Weight. 


Water being in one or ſeveral Veſſels, that com- 
mnnicate with each other, has irs upper Parts al- 
ways upon an equal Level ; that is, at equal Di- 
ſtances from the Center of the Earth, 


The EXPLANATION, ER. 15. 


Let ABC be a recurve Tube, whoſe Dia- 
meter is equal in all its Parts ſome Water 
into it at the End A, and it will riſe to the ſame 
Height in the other Leg of the Tube ; that is, if 
D E be an Horizontal Line, and the Water in the 
D, it will riſe in the 
$i other 
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other as far as E, and there continue when you have 
ceas'd pouring, and the Water is at reſt. | 


* s 


For, Firſt, if the Legs be of equal Breadth, and 
equally inclin d to the Horizon, there being an E- 
quality in every Reſpect. on both Sides, the- Water 
can't remain at the unequal Heights A and F, be- 
cauſe the Weight of the Water A G will be greater 
than that of the Water HF; and conſequently in 
deſcending it can take it ſelf a greater Quantity of 
Motion, than it will give to the other in aſcending, 
ſince they will have equal Velocities and the ſame 
Directions. | 

Therefore by the univerſal Principle, the Water 
can't he at Refi, unleſs it be at the ſame Height in 
the Two Legs. Bur if you ſtop the End C with 
your: Finger, before you pour in the Water at A, 
and fill the Leg A G with Water up to A, the other 
will be empty, and no Water, or very little at moſt 
will riſe into it; becauſe the Air takes up the Place, 
if the Leg A G be not above two or three Feet in 
Height; then if you take off your Finger, the Wa- 
terin the Leg A G will deſcend, and Parr of it will 
go into the other Leg, and riſe as high as E, whilſt 
the other falls as low as N., and afterwards it will 
riſe to D, and fall again as low as M; till at length 
after ſeveral Vibrations, it will be at Reſt on both 

Sides at an equal Height as I F. | 
When in this Experiment the Water begins to 
deſcend from the Leg A to go into the other, it ac- 
celerates its Motion till it be at an Equal Height in 
the WO Legs, as at IF, where the Equilibrium 
ought to be; and afterwards its Velocity gradually 
diminiſhes till it be got to the Points N and E; it 
deſcends again after the ſame Manner, accelerating 
its Motion from the Height E, till it be paſt the 
aforeſaid Level I F, and diminiſhing it till _ of — 
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Heights be at D, and the other at M; and theſe Vi- 
brations will continue till the Water be at reſt at 
I F, juſt as a Pendulum accelerates its Motion, till 
it comes to the Point of Reſt; which it diminiſhes 
in reaſcend ing from that Point; and at length, after 
ſeveral Vibrations, ſtands till. | 

The ſame Thing will happen in a Veſſel, as 
ABCD (Hg. 16.) fill'd with Water up to E F; for 
if by pouring in Water at F you raiſe it as high as 
G, it will not remain in that Situation, after you 
have left off pouring in other Water: For the Weight 
of the Water G K H C, being greater than that of 
the Water KILH, (LH and H C being ſuppos d 
equal.) it will for the ſame Reaſons over- power it, 


and raife Water towards I K, and at the ſame Time 
the upper Surface G K being inclin d, the Water 


will move from G towards I; and for the ſame 
Reaſons, the Water EB LI will riſe likewiſe: And 
at laſt, after ſeveral Vibrations, the upper Surface 
of the Water will be upon a Level. Hence what 


happens, when a Stone is thrown into a ſtanding 


Water, as at N, (Fg. 17.) may be explained; for 
the Stone raifing the Water round it in a Circular 


Wave, whoſe Elevation is repreſented by O and P, 
it can't remain in that Poſition; but the Part O will 


move towards L, and in its Motion will impel and 
raiſe the Water next to it as R, which will like- 
wiſe impel and raiſe that which follows it in ſuch 
manner, that the Water rais d at O will ſeem to 
move as ſar as . U 206 
The ſame Thing will happen to that Part of the 


Water raiſed at P, and by chis means à Circular 


Wave will ariſe, which receding from the Point 


N, will grow larger and larger, till it reach the 
Banks L and M, if they be not too far diſtant; and 
in its Reflection from thence, a new Circular 
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Wave will be form'd , which will advance on both 
Sides towards N, continually enlarging its Circum- 
ference, and leflening its Height, till the whole 
Surface of the Water be got to a Level. 

Let us ſuppoſe now the two Legs (Fig. 18.) of 
unequal Diameters as A BCD, the Water will be 


at the Height EF, which is the ſame in both 


Legs, and the Column AB will not - over-poiſe 
the Column CF ; for let the Baſe B G which is 
ſuppoſed Square, be Sixteen Times greater than 
the Baſe C, and if it be poſſible let the Water de- 
ſcend from E to I, and aſcend on the other Side to 
D; that which is ſuppos'd to deſcend from E to I, 
will be equal to the Water contain'd betwixt F and 
D, and the two little Cylinders FD, EI, will have 
their Heights reciprocally as their Baſes : Then as 
16 is to 1, ſo is the Height FD to EI: Now the 
Cylinder EB being Sixteen Times greater than the 
Cylinder CF will weigh Sixteen Times as much: 
But the Space paſs'd through in the ſame Time by 
the little 8 will een Sixteen Times 
ter than ace paſs d through by the great 
Sünder, and thats Directions are the ſame, both 
being perpendicular: Then their Velocities muſt 
have been reciprocally as their Weights, and they 
muſt have had an equal Quantity of Motion, which 
is impoſſible; for by the univerſal Principle, theſe 
Cylinders ought to make an Equilibrium ; and one 
can't make the other move, becauſe they are diſ- 
pos d to take an equal Quantity of Motion, accord- 
ing eo the ſame DireCtion. | 
| It you pour Water into the narrow Tube till it 
be as high as D, it can't remain there in a State of 
Reſt, till the other Leg be fill'd up to A: For let 
the Height F D be an Inch, and its Baſe an Inch 
and F C 10 Inches, then the whole Column © 


Water 


HYDROSTATICKS. 73 


Water CD will be 11 Cubic Inches, and the Wa- 

ter BE, 160 Cubic Inches. If then the whole 
Column CD falls an Inch, the Water EB will 
riſe 1; of an Inch; via. the Height EL, and the 
Space E L will be the Meaſure of the Velocity of 
the Water B E, as D F is that of the Water CD: 
Now 160 multiply'd by :; gives 10 for the Quantity» 
of Motion, and 11 multiply'd by 1 gives 11; then 
the Quantity of Motion of the Water DC will 
be greater than that of the Water B E, or which is 
the ſame Thing, the Velocity of the Water in the 
{mall Tube will be greater in Proportion to the Ve- 
locity of the Water in the great Tube, than the 

Weight of this latter is to the Weight of the for- 

mer ; and by the univerſal Principle, the Water in 

the ſmall Tube muſt deſcend. The ſame Conſe- 
quences may be drawn with reſpect to other une- 
qual Heights, till the two Surfaces of the Water in 
each Leg be upon a Level, nor will the Water be 
at Reſt, till it beat the ſame Height in both. 

The Water A G may be {till further conſidered, 
as divided according to its Length, {into Sixteen little 

| ſquare Columns, each of which may be ſuppoſed 
equal to the ſmall ſquare Column CD; and be- 
cauſe none of theſe ſmall Columns can riſe higher 
or fall lower than the others, the ſame may be con- 
cluded of the little Column C D, though it be not 
contiguous to them. 

Hence it follows, that if you put a floating Bo- 
dy upon the Water in the Leg AB, and: the 
Weight of this Body be equal to that of the Water 

contain'd in the Height A E, when that Water is 
” pour d off, the Water in the little Leg will till 
| remain at the Height CD, and there will be an E- 
quilibriam betwixt the Column C D, and the Wa- 
a | tet 


74 . 8x04 Treatiſe of 


ter B E, Joined to the Weight of the Floating Body 
for the —— above-mentioned. 

When the narrow Leg is very ſmall , s about 
half or one third of a Line in Diatmeter,, o the Wa- 
ter will riſe an Inch or two higher in that than in 
the other Leg ; which likewiſe happens - when 
vyou dip a Glaſs Tube, whoſe Diameter is leſs than 
one Quarter of a Line, into Water, for it will riſe 
therein to the ſame Height of an Inch or two above 
the other Parts of the Water's Surface, and the 
whole Quantity of Water that riſes above the Level, 
in Tubes that are very ſmall, or in ſuch as are only 
moderately ſo, as about a Line, or half a Line in 
Diameter, is ſenſibly equal to a great Drop of Wa- 
ter, that being fix d to ſome Body hangs at it-with- 
out falling. 

The fame Effect may beſeen in the Experiment of 
the Bottle before · mention'd( Eg. 14.) ; for if the Tùbe 
be very ſmall, as about half a Line in Diameter, the 
Water will fall in it no lower than L, about an 
Inch above E, and then this particular Cauſe of Ad- 
heſion reſiſts the Effort of the Air, which is above 
the Water in the Tube; and the narrower the Tube 
is, the higher the Point L will be. 

Some attribute the Cauſe of this Effect to the 
Weight of the Air, which acts with its full Force 
upon the Water in the large Tube, and cant att fo 
well upon that in the ſmall one; but this can t be 
the Reaſon: For if you dip ſuch a Tube in Mer- 

it will not riſe ſo high in it as the Level of the 
bir of the Mercury; and yet in this Caſe the 
Weight of the Air ought to have the ſame Effect 
upon the Mercury that it has upon the Water : 
whereas iſ one of theſe narrow Tubes, that is not 
above half an Inch high, be dipp d in Water, the 


Water will riſe 1 in it to the Top, altho' the Air che 
En 
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then no Ry to inſinuate it ſelf. And for a 
further Proof, if the Sides of the Tube he thick, 
or if it has been ſome time without Wetting, it 
contracts a certain greaſy Subſtance , which the 
Water can't fix upow; and then the Water will not 
riſe above the Level, though the ſuppos'd Defe&t of 
the Weight of the Air continues the ſame without 
Alteration. go: i 
This Effect then is to be explain d by the ſame 
Reaſons, that make Water in a Veſſel of Wood riſe 
above a Line and an half towards the Sides with a 
little Concavity, which cauſes Two Drops of . Wa- 
ter to join together, when they touch eabhugther, 
of which Reaſons I have ſpoken at large in the 
firſt Diſcourſe. 278 1. 
A ſurprizing Effect of the Eguilibrium of Water 
may ſeen in the following Experiment; take a 
Veſſel or Butt of Water, about two or three Foot 
broad, as AB CD, (Fg. 19.) make an Hole at the 
Top, as at E, and fix a Tube therein, of an Inch 
Bore, ſo cloſely join'd with Hurds and Pitch, or 
other glutinous Matter, that no Air can get into it, 
and let this narrow Tube, viz. E F be 12 or 15 In- 
ches high; fill the Veſſel with Water by ſome Holes 
made in the Top and afterwards ſtopp'd up, and 
— thereon Seven or Eight Hundred Pounds 
eight, which will fink that Top to a Concavity, 
as AMD, if you put a white Mark on the out- 
fide of the Tube, as at the Point H, and at the 
Side a little higher a Ruler or Index as IL plac'd in 
2 neighbouring Wall; and fix d in ſuch Manner, 
that it may remain immoveable; as you pour Wa- 
ter by little and little into the narrow Tube EF, 
you will ſee when it comes to be full, that the Top 
AMD, together with the 800 Pound Weight that 
it bears, will be rais d not only to its firſt _— 
| | 1 
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AED, but 'that it will take even a Convex Figure, 
and be rais'd in the Middle as much above the 
Point E, as the Point M was below it before; which 
ou will ſee by obſerving the white Mark H riſe by 
— above the Ruler I L, with which you may 
meaſure the Difference. And if the Tube be lon- 
ger, the Elevation of the Weight will ſtill be 
greater: Whence you may conclude, that the, ſmall 
Quantity of Water in the Tube has as much Force 
to raiſe this great Weight, and - up the Top of 
the Veſſel to a Convexity, as if the Tube were of 
the ſame Bore or Breadth as the Veſſel. This Effect 
is prov'd by the ſame Reaſons before-mentioned, 
concerning the Water in the ſmall Tube CD, which 
will raiſe the Water in the Tube B A (Fx. 18.) when 
tis no higher than E, tho it ſhou'd weigh 1000 
Times as much : For the Velocity which the Wa- 
ter in the ſmall Tube F E (Fx. 19.) will take in its 
Deſcent, will be to the Top of the Veſſel in aſcending, 
as the Surface of this Top is to the Surface of the 
Water in the Tube; that is to ſay, if the Tube 
be an Inch in Diameter, and the Top of: the Veſ- 
fel 30 Inches, the Surface of this Top will be 900 
Times greater than the upper Surface of the Wa- 
ter in the Tube: Then if the Water in the Tube 
deſcends an Inch, that which touches the Top of 
the Veſſel will riſe but z Part of an Inch. And 
2 if the Water in the Tube weighs a 
Pound, it will make an Equilibrium with 900 
P then it will raiſe the 800 Pounds that are 
on the Top of the Veſſel , with the little Quantity 
of Water that is above AED; but for the greater 
ExaCtneſs of the Calculation, and of the manner 
of _—_— ou muſt ſuppoſe that the whole 
Top of the riſes all at once, | 
1 75 I 2751 
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When one of the Legs of a Syphon is inclin'd, and 
the other Perpendicular , both being pretty near of 
the ſame Diameter, Water in that Syphon will like- 
wiſe be upon a Level; (ſe the 2oth Egure) for let 
the Syphon A BC be plac'd in ſuch manner, that 
the Leg AB may be Perpendicular, and CB in an 
inclin'd to the Horizon, it is manifeſt that the 
Weight of the Water in DB will be to the Weight 
of the Water in EB, as the Bulk DB is to the 
Bulk EB; but if ED be an Horizontal Line, the 
Sum of the Force, which the Water E B has to de- 
ſcend, will be to that which it wou'd have if it fell 

rpendicularly, as the Length EB is to the Length 

B: Therefore it will make an Equilibrium with 
the Water DB, whoſe Direction is Perpendicular 
according to the univerſal Principle ; for the Spaces 
paſs'd through in the ſame Time by both Quanti- 
ties of Water in each of theſe Tubes , according to 
their natural Direction towards the Center of the 
Earth, will be in a Reciprocal Proportion of their 
Weights, that is, as the Weight of E B is to that 
of DB, and conſequently the Water EB will not 
over-poiſe the Water BD; the greater Friction in 
the long Tube may cauſe ſome Difference, and a 
little retard the Motion of the Water along the in- 
clin'd Plane EB; but altho' either of theſe Tubes 
ſhou'd be larger than the other, that wou'd not hin- 
der = Equilibrium tor the Reaſons above-men- 
tion d. 
When a Syphon has one of its Legs much lar- 
er than the other, as in the 2 1ſt Eggure, ſtop the 
outh of the little Leg with your Finger, and af- 
terwards fill the great one with Water, then take off 
your Finger all at once, and you will find that the 
firſt Motion of the whole Column of Water AB 
is retarded, by Reaſon of the Difficulty which it 
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meets with in its Paſſage at G ; but the Motion 
through F C is much faſter in its Beginning, than 

when the Two Legs are of equal Bore ;' whence it 
happens, that if you pour a little Water into the 
Leg FC, till the Tube of ConjunQion B C be full, 

and after you have ſtopp'd the Mouth F with your 
Thumb, you fill A B, the other Part of the Syphon, 
up to the Horizontal Line E D, and then 5 off 
your Thumb all at once, the Water will riſe higher 
than D, even up to F, becauſe the Water in the 
great Leg, though it deſcends flowly, yet it makes 
that in the little one riſe very faſt, and all the Wa- 
ter being in Motion, in order to come to an Equi- 
hbrium, it ſtill moves (after it has got thither) by 
its acquir d Velocity, as a 1 — in the uniform 
Syphon; which cauſes the Water in the great Leg to 
deſcend ſtill, and make the other riſe Three or Four 
Inches above D, from whence it deſcends again, and 
after ſome Vibrations ſtands at laſt at the ſame 
Height, in both Legs below E F ; and though the 
Tube AB ſhou'd be full before you take oft your 
Thumb, the Water wou'd ſtill ſpout up Three or 
Four Inches higher than F, provided the Leg AB 
be much larger than C D; then the falling and 
rifing in this large Leg will be very ſmall and al- 
moſt inſenſible. Theſe are the Experiments that 
have been made concerning it. 

Itock a Veſſel made of Tinas AB CD, (Hg. 22 = of 
Four Inches Diameter, which had a Tube E F, 
which I join d a bended _— Tube, asF G H; I ara 
the Vellel and the Tube E F, after I had ſtopp'd 
the Mouth at H with my Thumb to hinder the 
Air from getting out; and — had taken off my 
Thumb, the Water ſpouted up to I, Three Aae | 
higher than the Surface of the Water D A ; but 
”"__ the Glaſs Tube reach'd. Five or Six — 
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higher than AD, the Water roſe in it Four Inches 
higher than H, from whence it fell again, and at 
length came to an Equi/ibrium. The lame Expe- 
riment was made in a Tube LEF, whoſe Diameter 
was equal throughout, G H being ſtill narrower: 
than LE F, and the Water ſpouted up above the 
Point H, juſt as it did when the Veſſel A D was 
above EF: Now in theſe Caſes the Water begins 
to riſe pretty faſt at G, and afterwards riſes a little 
faſter when the Water LE has acquired ſome Mo- 
tion. But this Velocity in the Paſſage from G to 
H begins to diminiſh, when the Water in each 
Tube or Leg is come to an Equilibrium, that is, to 
the Height at which it ought to ſtand in both the 
Tubes, as to the Horizontal Line K M. But if you 
put different Liquors in the two Tubes, the lighteſt 
will be higher than the other, in a reciprocal Pro- 
portion of their Weights. The Rules of which 
are as follow. ih 


A Rule for the Equilibrium of different Liquors by 
| their Weight. 


THERE are two Sorts of Gravity in Bodies here 
to be conſidered ; one proceeding from the Maſs or 
Bulk of the Body, as a Cubic Foot of Wood weighs 
more than a Cubic Inch of rhe fame kind of Wood, 
the other proceeding from the Denfiry of Bodies, or 
from ſome other Reaſon by which one Body weighs 
more than another of equal Bulk, as a Cubic Inch 
of Gold weighs more than a Cubic Inch of Iron; 
this latter we ſhall call Specific Gravity; thus tlie 
Specific Gravity of Water is greater than that of 
Oil; the Gravity of the Air, in which the Body is 
weigh'd, is not here conſider d, though in ftrict- 
neſs it ought to be. * | 
SN | t 
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Let there be an Exuilibrium of Water at the Height 
D E, in the Syphon AB C (Fig. 23.); pour ſome 
Oil gently into the Tube CD, to the _— . 
then you will ſee the Water deſcend below E, and 
riſe about D in the other Tube; let EF be the 
Meaſure of the Deſcent, and DG of the Elevation, 
and draw the Horizontal Line F H; then the Oil 
FC will be to the Water H G reciprocally, as the 
pecific Gravity of the Water is to that of the Oil; 


2 
for the Water F B will make an Equilibrium with 
the Water BH, then the Oil FC will make an 


Equilibrixzm with the Water HG; now that the 
whole ſhou d remain in this Situation, tis — 
that the Parts H and F ſhou'd be equally preſs'd, 
from the above-mention'd Principle Then the 
Quantity of Oil FC will weigh as much upon F, 
as the Water HG upon H. The fame Effect will 
appear in Mercury and Water; for if you put 
Mercury into the Syphon ABC to the Height 
DE, and then — in Water gently at C, inclining 
the Syphon a little at firſt to hinder the Water's 
mixing with the Mercury, and let the Water riſe 
up to C, and the Mercury to I, the Water will 
then fall to the Horizontal Line K L; and the Wa- 
ter K C, together with the Mercury K B, will 
make an Eguilibrium with the Mercury BI; and 
as the Specific Gravity of Mercury is to that of 
Water, ſo „ will the Height KC be 
to the Height L I, and by this means it will be eaſy 
to determine the Specific Gravity of Liquors with 
reſpett to each other; for if Mercury weighs four- 
teen Times more than Water, K C will be fourteen 

Times longer than L 1. 1225 
Having treated of the Eguilibrium of different 
Liquors, with reſpect to one another, that of Solid 
Bodies ſwimming in Water, as Wood, Wax, Cc. 
comes 
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comes next to be conſider d; concerning which you 
may obſerve the following Rules. 


5 


Rules for the Equilibrium of ſolid Bodies, 
whoſe ſpecifick Gravity is leſs than that of 


Pater. 
| R. EE .:K 


Every. ſolid Body heavier than Air, and lighter than 
Water, being put intoWater, will [ink in it a little, 
and the Part ſo immers'd will be to the reſt of the 
Body, as the ſpecific Gravity of that Body is to 
that of Water. _© | 


PUT ſome Water into a Veſſel, as BCDE 
(Eg. 24.) whoſe upper Surface is BC; and let 
A F GH be a ſolid Body, ſpecifically ligater than 
Water, and heavier than Air; I ſay that it will not 
remain upon the Surface of the Water; for the 
ſquare Column of Water KR LI would be more 
preſs d than B EI K, a Column equal to it, ſince it 
would have an Addition of the Weight of the Body 
A H; then the Weight will deſcend, and dip in 
the Water, but not fink ſo as to be entirely cover'd 
with it, becauſe then the Column KRI L, made 
up of this Body and Water, would be lighter than 
an equal Column of Water as B EIK. Let us ſup- 
poſe then that the Body immerges as far as K R, 
and that the Water about it riſes to B C, which is 
Peder than it was before, becauſe the immers'd 

art of the Body as K G H R takes up the Place 
of a Part of the Water that is oblig'd to riſe: I 
ſay then that the Water contain'd within the Space 
K G HR, whoſe Place 8 Body takes up, is equal 
| 1 
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in Weight to the Weight of the whole Body ; that 
iS, if a Quantity of Water equal in Bulk to K GHR, 
weighs as much in the open Air, as the entire Body 
AFGH, then it will remain in this Situation ; and 
"KR GH the immers'd Part will be to the whole, 
as the ſpecific Gravity of that whole Body is to 
that of Water. | 
So if the ſpecific Gravity of the Body A F GH be 

to that of the Water, as 3 to 4, the Part of A F KR, 
which will appear above the Water, will be one 
Fourth of its whole Height; for if the Body 
weigh'd 12 Pounds in the Air, an equal Bulk of 
Water would weigh 16 Pounds; and conſequently 
if the Part KR GH were Water, it would weigh 
12 Pounds, but as it is Wood, therefore it will 
weigh but 9 Pounds, and A FK R the Part above 
the Water will be 3 Pounds, and the whole will 
weigh 12 Pounds, as that Bulk of Water whoſe 
Space is taken up by that Part of the Weight which 
immerges in it would weigh 12 Pounds, according 
to the Proportion of 3 to 4; and by the firft Rule 
the Wood will remain in this Situation in tlie 
Water. i | 
And becauſe Cork is 4 times lighter than Water, 
if you put a Cylinder of Cork as AFGH, into the 
Water B CE D, ir will fink a little; and if the 
Superficies of the Water be double to that of the 
Baſe of the Cylinder, the Water will riſe but the 
eighth Part of the Cylinder's Height, and only one 
fourth Part of the Cylinder will fink into the Wa- 
ter; fo that the Part which will remain out of 
res will be three Fourths of the whole Cy- 
Water ſticks ſometimes to light Bodies, and riſes 
in a ſmall Concave againſt the Part above K, and 
ſometimes makes a little finking under it, 5 — 
| 2 Ore 
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before explam d; which might create ſome Diffi- 
culty; but the Diffetence which this ſmall Quantity 
of Water makes by riſing above the reſt of the Sur- 
face of the Water, is ſo little, that it is not here 
AT. 27 2 9-5 

This Property of Water's ſticking or not ſticking 

to certain Bodies, ſometimes produces ſurprizing 

Effects, as appears by the following Examples. 
ABC is a Glaſs half full of Water, whoſe upper 
Surface is D E; if a little frothy Bubble full of 
Air as F (Fg. 25) or a little hollow Ball of Glaſs, full of 
Air, and lighter than Water, or any other Body of that 
kind ſwims at Top, it will move towards the Sides 
E or D, and ſtick there as if it were glew'd ; but 
on the contrary, if the Glaſs be quite full of Water, 
as to A C, then the little Ball K cannot get near the 
Side, and if you puſh it thither, it will return 
towards the Middle at K. Bur there are other very 
ſmall light Bodies, which produce quite contrary 
Effects. Take a ſmall Ball of Wax not wet, and 
place it gently upon the Water atF ; when the Glaſs 
is not ful it will fly from the Sides; but if you put 

it towards the Middle at K, when the Glaſs is full, 
it will go with Precipitation towards G, till it 
touches the Sides of the Glaſs. 

Theſe Effects may be explain d after the following 
manner. 

AB (Ex. 26) is the Surface of the Water when 
the Glaſs is not full; CD is the Side of the Glaſs 
where the Water makes a little Riſing as eg; E 
is the Ball of Wax, which being far, and plac'd 
gently upon the Water, makes a little Hollow there- 
in, becauſe the Water does not ftick to ir, and 
the Ball ſinks beneath the Surface of the Water 
A HK B, till that Part beneath the Surface, roge- 
ther with the Air compriz d below the pricked hori- 
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zontal Line, weighs as much as the Water that 
was contain'd within the Space contain d by that 
printed Line H K, and the Curve HI K; now if 
ou puſh the Ball forwards as far as g, when the 

oint K, which is the Extremity of the Concavity 
H I K endeavours to approach nearer the Side of 
the Glaſs than the Point g, then the Water at e 
being no longer ſuſtained by that at the Point g, 
deſcends, and repells the Bowl till the Point K be 
join d to the Point g, the Curve e f g remaining in 
its firſt Situation. | 

But if the Glaſs be quite full, and the Water 
riſes above the Brims, without running over, as it 


may eaſily do, and as you ſee it does in Fig. 27, 


where the Water makes a Convexity from L to the 
Side of the Glaſs B; then, when the Ball E is got 
forwards till the Section HI K meets the Convexity 
LB. as it does at P, this Point P will be lower than 
the Point H on the other Side of the Ball; and by 
this means the Ball will bear on a Declivity, which 
will {till encreaſe, as that ſame Section draws nearer 
to B, and this Inclination will become yet more 
ſteep till the Ball touches the Glafs at the Point 
B, as vou ſee in the ſame Figure, at the other Side 
of the Glaſs. 5 

For the ſame Reaſons, when two of theſe Balls 
are put pretty near one another, they will join each 
other: (Eig. 28.) for let the Line ACD E F B be 
the Level of the Surface of the Water; Ca e E, D 
e bF the two Hollows made by the Balls, and the 
Point e the Interſection of thoſe Hollows; tis plain 
that the Point e will be lower than the Level of the 


Water A CF B, and conſequently that there will be 


an Inclination on both Sides; which will cauſe the 
Balls to move forwards till they meet each other, 
as you ſee in this ſame Figure, But if one 0108 
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Balls be wet, ſo that the Water may ſtick to it, they 
will repell one another, which is prov'd after the 
fame manner; (Fig. 29.) the wet Ball B will cauſe 
a Riſing of the Water as CB and BD, and the other 
Ball E a Hollow as FGH; if you puſh them one 
againſt the other, the Water will riſe more towards 
C betwixt the two Balls, and in a greater Quantity, 
which will repell them from each other. 

But if both the Balls in the foregoing Figure he 
wet, they will approach each other by reaſon of the 
Concavity betwixt them, and they will join for the 
ſame Reaſon that two Drops of Water unite and 
make but one. For the two Riſings of the Water 
BC, CD (Fig. 30.) are as two half Drops, which 
muſt Join if they touch ever ſo little. 

The ſame Reaſon makes two wet Balls join and 
go on together towards the Sides of the Glaſs when 
it is not full; for there is then the ſame Elevation 
of the Water, and when it is full, and the Water 
riſes above the Brims, the wet Ball is puſh'd from 
them after the ſame manner in which it is repelF'd by 
a Ball that is not wet ; for as it goes forwards to- 
wards the Side of the Glaſs C (Eg. 31.) the little Ele- 
vation of the Water A B raiſes that betwixt B and C 
ſomething higher, and then the whole Elevation has 
greater Force than the ſingle Elevation D F, which 
is but a Concave ; and conſequently the Ball will 
be repell'd on the Side towards D, as appears by 
Experiment. e 

The Difficulty with which Water ſticks to Wax, 
is the Reaſon that ſometimes Bodies heavier than 
Water do not fink to the Bottom; as if the little 
Cylinder E K be of Lignum Vite, or any other 
Wood heavier than Water, and be rubb'd over with 
Tallow, or cover'd with ſome Vamiſh, to hinder 
the Water from ſticking to 8 it will remain 3 
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ed, and make a Dent in the Water asSF GHKI 
LM; (Fig. 32.) For the Space of Air G F LM, 
which is below the Level AFM B having no 


Weight, the Baſe OP will be no more charg'd than 


CO, which is equal to it, and #ou may even puſh 
the ſmall Cylinder downwards a- little way with 
your Finger, without its going to the Bottom, pro- 
vided the Curves FG, M be leſs in Depth than a Line 
and a half, for they may be two Lines long, and yet 
the Water not flow upon G L; but then there will 
be more Air at Top, and as ſoon as you take off 
your Finger, the Cylinder will xiſe up again, not 
. becauſe the Air draws it to it, but hecauſe the Co- 
lumns of Water of each fide, whoſe Baſes are equal 
to P O, weigh more, and therefore make the Cylin- 
der G L to riſe. For the ſame Reaſon you may put 
a ſmall Needle upon ſtill Water, without its finking 
it, if it be a little greaſy; or dry; but as ſoon as it 
is wet, the Water will ſtick to it, and no Dent 
being made to receive the Air, it will go to the 
Bottom. 192 Hi t 

It may be wonder d why Ice goes to the Top of 


the Water; for one would imagine that being 


colder than flowing Water, it ought to be more con- 


dens d, and conſequently heavier; but you are 
to conſider that there are always ſome Bubbles of 


Air interſpers d in Ice, as was explain 'd in the firſt 
Part, and tis this Mixture of Air that makes it 
lighter : And tho in ſome Parts of the Ice this 
Mixture is not vifible, by reaſon of the Smallneſs 
of the Bubbles of Air, yet tis probable that there is 
always ſome little in it, and that this little Join'd 
to the Ice, whoſe Condenſation with reſpe& to Wa- 
ter is not yery conſiderable, may make a Compound 
| peavier than Water. „ 
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The fame thing happens to Lead, Tallow, Wax, 
and ſome other Bodies of that kind; for when theſe 
Bodies are melted, they ſuſtain thoſe Parts that are 
not melted, which muſt proceed from there being 
ſeveral void Spaces always interſpers d in thoſe Bo- 
dies as they begin to grow hard. If you cut a 
Bullet in the middle, you will find a conſiderable 
Void towards the Center, Tallow, when it con- 
geals, becomes opaque from the little void Inter- 
vals that are in it, which hinder the Light from 
going on in a direct Line on account of the ſeveral 
Reflections and Refractions which it undergoes, 


The Application of this Rule. 


Take an empty Veſſel as AB CD (Eg. 33.) and 
put it into Water as FEI L contain d in ſome other 
Veſſel, repreſented by GLI H keeping the empty 
Veſſel in ſuch an upright Poſition, that it may not 
overturn; as much Force is requifite to hold 
part of it at a certain Depth below the Surface 
of the Water E F, as would be to ſuſtain in the Air 
the Weight M, which being put in the Bottom of 

the Veſſel A B C D would keep it in that Situation; 
the Sum of which Weight, together with that of 
the empty Veſſel, ought to be equal to the Weight 
of the Water whoſe Space is taxen up by the im- 
mers d Part of the Veſſel NO D C, as was before 
explain d. 

This Experiment may be applied to Ice which 
forms it felf in Rivers round Piles that ſuſtain 
Bridges, to judge whether if the River happens to 
ſwell by extraordinary Floods, the Ice which ſticks 
to the Piles can raiſe them up, and overthrow the 
Bridge. For, ſuppoſe the Ice to be a Foot thick, 
and that together with the Air with which it is 

G 4 fill d, 


88 A Treatiſe of 


fll'd, it weighs „ leſs than Water, a Calculation 
may eaſily be made to know what Weight will hin- 
der it from rifing to the Top of the Water ; for if 
its Surface be 400 Foot, it will then confiſt of 400 
Cubic Feet, every one of which will weigh 64. 
Pounds; whereas a Cubic Foot of Water will weigh 
70, and the Product 6; the Difference betwixt 64. 
and 70 being multiplied by 400, gives 2400 Pounds: 
Now if the Weight of the Piles that ſupport the 
Bridge be above 2400, the Ice will not pluck up 
the Piles ; for beſides their Weight, you muſt con- 
fider, that the Reſiſtance of the Piles by their 
Friction againſt the ſolid Foundation in which they 
are fix d, will likewiſe prevent them from being 
. forc'd up. 

If thelce were only ſticking to the Piles at Top, 
and extremely long as A B, it might ſerve for a 
Leaver, (Fig. 34. having its fix d Point upon the laſt 
Pile CD) to pluck up the Piles E F and G H; but 
the Portion of its Force is to be eſtimated only 
from half the Diſtance A B, becauſe every Part of 
the Ice acts only according to its own Diſtance from 
the fix d Point D; but it there be Ice likewiſe on 
the other Side, and of the ſame Length, it will 
then act with all its Force: But as Bridges are 
commonly very heavy, they are rather born down 
by the continual Shock which they receive from 
great Flakes of Ice, which ſhake them by degrees, 
and by frequently daſhing againſt them at the Top 
of the Water, root them up; than'by the Rifing of 
the Ice underneath which can't produce fo great an 
Effect. | ; : | 07 HY! 
If a very light Body be put into Liquors of diffe- 
rent ſpecific Gravity, its Part immers d in the one, 
will be to its Part immers d in the other, * the 
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ſpecific Gravity of one Liquor is to the ſpecific Gra- 
vity of the other. 

For the ſame Reaſon Ships or Boats laden with 
Goods ought to fink in Water, till a Bulk of Wa- 
ter equal to the immers'd Part, weighs as much 
as the whole Veſſel with its Burden ; whence it 
has ſometimes happen d, that a Ship coming out of 
the Sea into Rivers, has ſunk to the Bottom; be- 
cauſe the freſh Water being lighter than the Sea 
Water, the Weight of the Veſſel was greater than 
that of an equal Bulk of freſh Water equal to it 
and in the Sea the Weight of the Veſſel was leſs 
than that of an equal Bulk of Water. 


RULE 2357 


Bodies ligbter than Water being kept by Force at the 
Bottom of the Water, and afterwards let go, riſe 
to the Top of the Water in the following manner: 


(Hg. 35.) ABCD is the Water contairfd in the 
Veſſel; EF GH is the Body whoſe Specifick Gra- 
bo, is leſs than that of Water; now the Column 
K I GH weighs leſs than a Column of Water of 
equal Bulk as I H BD, and conſequently the Wa- 
ter near the Point H, betwixt H and D, is more 
preſs'd than that betwixt G and H, and will there- 
fore infinuate it ſelf, and get under the Body & H, 
and will puſh it upwards. The other Parts of the 
Water at the Bottom of the Veſſel which are at the 
ſame Depth as the loweſt Part of the Body, will 
have the ſame Effect to puſh it upwards ; and as it 
gets higher, meeting with the ſame Diſpoſitions, 
it will continue to riſe till part of it be got above 
the Surface of the Water; and becauſe it will riſe 
with ſome Swiftneſs, it will paſs a little * 

| | the 
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the Place at which it ought to reſt ; but then it 
will fall again a little below that Place, and at laſt 
after ſome Vibrations, will ſtand at- the Place of 


its Ezuilibrium, according to the foregoing Rules. 


But if there had been a Hole at the Bottom of 
the Veſſel as L, thro' which the Water ſhould run 
out; the Body F H would not riſe at all; for the 
Water which ought to puſh up the Body, deſcends 
thro* the whole, and by its viſcous Quality draws 
the Body to it ; and being preſs'd above by the Co- 
lomn of Water K EI F, it will always remain at 
the Bottom of the Water till all be run out. Fi 

Tis evident from what has been ſaid, that if AB CD 
(Fig. 36.) be a Veſſel full of Water, having an Hole 
at E, the Water which is on one Side, as at F, be- 
ing preſs'd by all the Water above ſt, will be preſs'd 
by à greater Force towards the Hole, than that at 
the Point I, which is perpendicularly above the faid 
Hole, If the Point G be farther diſtant. from 
the Point E than the Point F, you will ſee an 
Experiment of it, by letting fall imo the Water a 
little piece of wet twiſted Paper, or ſome other lit- 


you have taken off your Finger which ſuſtain'd the 

ter at E, the Water running out will be followed by 
the Paper that was at F, which ſhews that the Parts 
of the Water next this little Body are puſh'd that 
way, as well as the other Parts neareſt the Hole, 
which are compriz d within the Hemiſphere QH I 
LN; thoſe that ate neareſt of all, as at M or F, 
ſucceed thoſe that run out faſter than the more 
diſtant Parts, as H and L, and a great deal faſter 
than thoſe that are at G, or higher at O. The 
Experiment may be made by letting fall ſeveral little 
Bodies into the Water before you take off your 


Finger 4 for you will ſee that thoſe at H or L, 
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tle Body a little beavier than Water; for as _ 
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(which fell thither perpendicularly) will divert from 
their Courſe, and go along the Radii of the He- 
miſphere H E and L E with a greater Velocity 
than the little Bod ies of the ſame kind which are at 
O or G. The ſame Thing will happen if the Hole 
he made at P inſtead of E; for the little Bodies 
within the Hemiſphere K R S, will run out there 
5 ſoon ay you have taken oft your Finger; for this 


eaſon it you pierce an Hogſhead of Wine, an Inch 
above the Lees, and the Hole be pretty large, the 
neareſt Parts of the Lees will rife, and running off 
with the reſt of the Wine make it thick and foul. 
When the Holes E or Pare very ſmall, the Hemiſ- 
phere does not extend ſo far as when they are large. 


RULE WW, 


Bodies whoſe Specific Gravity is greater than that of 
Water will ſink to the Bottom. <1 


The EXPLANATION. 


Let A he a Body heavier than Water, (Fig. 37.) 
it will fall after the ſame manner in Water as i 
would in Air, only not fo faſt, the Water B imme- 
diately below the Body will be puſh'd downwards 
by it; which Water impelling that next below it, 
will puſh it on each fide in a Circumference towards 
C and D, and all the Water in the Veſſel will be 
put in Motion, and when the Body is fallen as far 
3S B, it will cauſe other Vortices to fill the Place, 
which it leayes till it touches the Botton. 


RULE IV. 


Bodies whoſe Specific Gravity is greater than that of 
Water, loſe as much of their Weight in Water, 
as the Water gains whoſe Place they take up. © 
AS ˙ #8 4 ; "Suſpend 
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Suſpend the Body A B, in Water by the Cord 
C D, (Fg. 38.) and ſuppoſe that the Part E be 
taken out of the Infide, ſo that the Remainder may 
weigh as much as the Water which would' fill the 
Space A B, if the Body were remov'd; tis evi- 
that it will then make an Equilibrium with an 


— Bulk of Water on each Side; and conſe- 


uently that it will weigh nothing upon the Cord 
D, no more than if you dipp'd it into the Wa- 
ter without the Body : Then if you imagine that 


© thePartE, is replac'd in the Body A B, the whole 


will weigh upon C D, no more than the Weight of 
the Parr E ; from whence the Truth of the above- 
mention d Propofition is fairly deduc d. Hence may 
be found a Method of knowing the Specific Gravity 
of all Bodies heavier than Water, as well with re- 


* 85 to Water, as other Bodies ; for Example, let the 


y A B be Gold, you muſt weigh it in Water with a 


Balance, fixing it to one of the Scales by a little a 


String, and putting an equal Weight in the other 
Scale, and then letting it wholly immerge in Wa- 
ter; now if to continue the Eguilibrium in the 
Water, you are obliged to take away i of that 


Weight that made an Equilibrizm with it in the Air, 


you will know that the Specific Gravity of Gold is 
to that of Water as 18 to 1; and if the Body be 
of Lead, and you are to take away 1 of the 
Weight which made an Eguilibrium with it in Air, 
you will know that the Specific Gravity of Water 
with reſpect to Lead is as 1 to 11 ; and likewiſe 
that that of Gold to Lead is as 18 to 11 ; thence 
you may diſtinguiſh, whether a Piece of Gold be 


good or bad, without making any Alteration in it; 
or if by an Experiment of this kind, you find that 


it loſes one 12th or 14th of its Weight in Water, you 
may conclude that there's a pretty large — 
132 F O 
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of other Metals mix'd with it, as a Third, or per- 
haps One half of the whole, and therefore that tis 
bad; but if it loſes but one 17th, you may take it for 
ood, becauſe there will be very little Mixture in it. 
f you hang a great Cylinder of Glaſs or Metal by a 
Cord in a Bucket, in ſuch manner that it may al- 
moſt fill the Bucket without touching either the 
Sides or the Bottom, and afterwards pour in Water, 
to fill the void Spaces up to the Heighth . of the 
Cylinder; then he that eaſily ſupported the Bucket 
before the Water was pour'd into it, will ſcarce be 
able to bear it ; for it will weigh as much as if the 
Cylinder were taken away, and it were full of Wa- 
ter as high as the Cylinder ; and he that held the 
Cord will be eas'd of as much Weight, as that of 
the Water would be whoſe Space is taken up by 
the Cylinder: The Reaſon is, becauſe it is then 
ſubje& to the ſame Rules as Bodies ſuſtain d in 
Water, which loſe as much of their Weight as the 
Weight of a Bulk of Water equal to the Space 
which they take up; and conſequently he that held 
the Cord muſt perceive himſelf eas'd of a Weight 
equal to that of a Quantity of Water of the ſame 
Bulk as the Cylinder, and he that held his Hand 
under the Bucket muſt bear as much Weight, as the 
other was eas d of, beſides the little Addition of the 
Water that was pour'd in. | 
Sometimes Bodies lighter than Water fink to the 
Bottom, fot a Reaſon very eaſily explain d; of 
which you have the following Experiment. Take a 
Cylindrical Glaſs 7 or 8 Inches in Height, and'3 or 
4 in Breadth, as A BCD (Eg. 39.) which in the 
Middle of the Baſe has an Hole, as E, about 3 
Lines in Diameter; ſtop the Hole with your Finger, 
and then having fill'd the Glaſs with Water, put a 


Ball of Wax as F on the Top of it, ſmall enough 
| to 
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to paſs thro the Hole at E, and when the Water is 
ſtill and at reſt, take off your Finger, and let the 
Water run out; the Wax will deſcend as the Sur- 
face of the Water does, and go out at E with the 
laſt Water. But if you give the Water a great Cir- 
cular Motion, either by ſhaking ir againſt the Sides 
of the Glaſs, or otherwiſe, when you take off your 
Finger from the Hole, you will ſee the Ball imme- 
diately deſcend as ſoon as the Water begins to run 
out, and there will be a void Space in the Middle 


of the Water, into which the Air will infinuate it 


felf, as from H to E; which Void will not be fill d vp 
till all the Water be run off, and you will ſee all the 
Time as it were a twiſted Column of Air from the 
Top of the Water down to the Aperture at E. 
This Effect is thus explain d. The Water in the 
Hemiſphere CIL MD is puſh'd towards E, when 
the Water is ſtill, without any conſiderable Motion, 
as was before provd, and it ſucceeds the Water 
that runs out, before that towards H can fall fo low); 
bur when the Water has a great Circular Motion, 
the lateral Parts towards M and I, or - and / can't 
get to E till after 4 or 5 Spiral Turns, and are even 
carried towards the Sides of the Glaſs, becauſe they 
are puſhed along the Tangents of the Circles which 
they deſcribe ;z whence it happens that the entire 
Column FE falls down to the Hole immediately, 
and paſſes thro ir, together with the little Ball of 
Wax at the Top of it; and becauſe the Water on 
each Side of this Column that ran out can't fill up 
its Place faſt enough, by reaſon of its Circular Mo- 
tion, whoſe Direction is not that Way, the exter- 
mal Air muſt neceſſarily inſinuate it ſelf by its Weight 

and Spring, and remain there till all the Water be 
run out. 


It 


th 
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It ſometimes happens that the Ball of Wax does 
not lye directly upon the Column, and then it is car- 
ried a little on one Side within the Water; nay, if 
ir returns towards the Middle, the Air by its Sprin 
repells it towards the Sides of the Glaſs; but at la 
it gets into the K Column, and turning round 
with great Swiftneſs, paſſes on thro the Hole before 
half the Water be run out. . 

For the ſame Reaſons, if there be a large Hole or 
Paſſage under the Bottom of any deep Water, whe- 
ther in a River or the Sea, thro' which the Water 
may flow down to ſome lower and more diſtant 
R cle, as, they ſay, the Caſpian Sea empries 
it ſelf into the Euxine, the Water will draw in the 
Ships that paſs over this Whirl-Pool; for the Wa- 
ter falling there in an inclin'd Direction, takes a 


—_ Motion, and has the ſame Effect with re- 


pect to the Ships that paſs over it, as the Water 
. wg A with re- 
ſpect to the f Wax. Tis reported likewiſe, 
that in ſome Sea near Sweden, there is ſuch a Whirt- 
Pool as I have deſcribd, and that the broken Re- 
mains of Ships have been ſeen in a Sea not far 


diſtant, which is lower. "Tis eaſy to conceive that 


the Water will be a longer Time in running off 

thro' the Hole E, when it turns round, than when 

it does not, becauſe in the firſt Caſe the Air takes 
up ſome Part of the Hole. Ys ny 
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DiscouRsEt IL 


Equilibrium of Fluids by their 


Of the 
nen 

X IR and Flame acting by their Spring make an 
Equilibrium with other Bodies. The Spring 


0 the Air is evident from ſeveral Experiments, 


both in Barometers where it is very much dilated, 


and in Wind- Guns where ir is extremely condenſed ; 


but theſe Dilatations and Condenſations are not eaſily 
explain d. Io give you ſome Idea of them, you 
muſt conſider the whole Extent of the Air from Top 


to Bottom as a great Heap of Spunges or Balls of 
Cotton, the higheſt of which have their natural Ex- 


tent; but the lower being preſs d by the Weight of 
thoſe above them, will be reduc d to a very ſmall 


Compaſs; and when diſcharg d of that Preſſure, 
will return to their former Dilatation. ot rt 
According to this Hypotheſis, you may ſay, that 
the Air here below makes an Equilibrium by its 


Spring, with the Weight of all the reſt of the Air 
by which it is preſs d; ſo that if this upper Air 
ſhould become heavier, or there ſhould happen to 
be more of it, the lower Air would be a little more 


condens d than it is; and if the upper Air ſhould be- 


come leſs heavy, or there ſhould be leſs of it, the 
Jower would be more dilated. The Spring of the 


Air may likewiſe be compared to a Steel Spring, 


which 
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which is more preſsd down and contracted wlien a 
greater Weight is laid upon it, and again opens and 
extends-it ſelf; when ſome Part of the Weight is 
taken off; and as it may be aid, that a Steel Spring 
being preſs d and redue'd to a certain Figure by a 
Weight lying upon it, in this Situation makes an 
Equilibrium with that Weight; ſo in like manner 
one may ſay, that the Air in its condens'd State 
here below, makes an Equilibrium by its Spring with 
the whole Weight of the Armoſphere. 

Many Experiments ſhew, thar Air is condens'd in 
Proportion to the Weight by which it is compreſs'd: 
The following one is very eaſy. Take a bended 
Tube of Glaf5 as ABC (Fg. 40.) clos'd at the 
End C, and open at the other; pour in a little 
Mercury up to the Horizontal Height D E, that the 
Air enclos'd within the Space C E may expand it 
ſelf neither leſs nor more than the Air in the other 
Leg of the Tube; for if the Quickſilver were a lit- 
tle higher in one Leg than in the other, the Air 
would be leſs preſs'd in one than in the other. The 
Height E C muſt be moderate, not above 12 Inches, 
as is ſuppoſed in this Figure; and the other D A, 
as long as you can well have it. The Mercury 
then being on both Sides of an equal Height towards 
D and E; and there being no farther Communica- 
tion in the Air in EC, with that in DA, pour in 
ſome more Mercury thro' a little Funnel at the 
End A, but take care that no more Air gets into 
the Space E C; you will perceive that the Mercury 


will riſe by degrees towards C, and will condenſe 


the Air that was in CE; and if E F be fix Inches 
high, and F G an horizontal Line, the Hercury will 


have riſen in the other Leg as high as H, it this 
Point be 28 Inches diſtant from the Point G, and 


he Mercury in common Barometers be then at the 
Wl H | Height 


6 
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Height of 28 Inches in the Place where you make 
your Obſervation ; for if it be but at 27 and a half, 
the Space G H will be no more than 27 Inches and 
2 halt: Now in this State the Air in F C is preſs'd 
by the Weight of the ry as ſuppoſed to be 
equal to the Weight of 28 

fides the 28 Inches in the Space GH ; and conſe- 
quently it is preſs d by a Weight double to that by 
which the Air is preſs d that is in the Place where 


the Experiment is made, and which is of the ſame 


Tenour that the Air in E C was, before it was con- 


dens d by the Weight of the Mercury G H. You 


ſee then plainly by this Experiment, that the Air in 
E C is condens'd in Proportion to the Weight by 
which it was preſs d; you will find the ſame Pro- 
tion in the other Experiments, by making the 
culation after this manner: For your Firſt Term, 


ou 
you mult take the Sum of the Weight of the At- 


moſphere, and of the Mercury that roſe above the 
loweſt Level of the Air in the Leg D A : For the 
Second Term, the Weight of the Atmoſphere, that 
is to ſay, 28 Inches — Mercury : For the Third, 
the Diſtance E C; and the Fourth Proportional, 
will be the Space or Height to which the Air en- 
clos d in the Tube E C, will be reduc d. As if the 
Air were reduc d only to the Space I C of 8 Inches, 
the Mercury in the other Tube would be only 14 
Inches higher than the Horizontal Line I L. Now 


theſe 14 Inches added to 28, the Weight of 


the Atmoſphere, make 42; you muſt ſay then 
according to this Rule, As 42 Inches to 28: So is 
the Extent of the Air E C to the Space I C. And if 
you would reduce this ſame Air to M C, a Space 
of 3 Inches, which is; of E C, you muſt put 84 
Inches of Mercury into the Tube D A above the 


Horizontal Line M N , and this Proportion may be 


found 


ches of Mercury, be- 
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found by the following Calculation: As M C, or 3 
Inches is to M E, or 9 Inches; fo is 28 the Weight 
of the Atmoſphere to 84; for if you convert the 
Terms, 84 will be to 28, as 9 to 3, and by Compo- 
fition 84 ＋ 28, that is to ſay, 112 will be to 28, 
as 9 + 3, that is to ſay, as EC or 12 is to 33; and if 
you would know what Height the Tube muſt be of 


to reduce the Air to O C, ot the Space of one Inch, 


you muſt ſay,” ASQ C 1 Inch, is wOE 11 Inches; 
ſo is 28 the Weight of the Armoſphere to 308; and 
308 will be the vertical Height which muſt be given 
to the Mercury above the Height O or P; whence 
you may conclude, that to make this Experiment, 
the Tube D A muſt be above 308 Inches high, that 
is to ſay, it muſt about 320, that there may remain 


running over. _ ESD 

The ſame thing will happen, whether the Leg E C 
be much wider or much narrower than the Leg DA; 
for if you pour in Mercury till it riſes in C E up to the 
Height G F, G H the Height of the Mercury in the 
other Leg muſt be 28 Inches (Fig. 41.); for as the 
Mercury DG makes an Equilibrium with the Mercury 
E F, tho' there be a much greater Quantity of it, as 
has been already prov d with reſpect to Water; ſo the 
Spring of the Air F C will make an Eguilibrium with 
the Mercury G H, becauſe it would ſuſtain it, if GH 
were of the fame Bore as FC; and conſequent'y it 
has the ſame Effect as if the Leg E C were as long as 
the other, and the Mercury contain in it were as 


high as H. I made the following Experiments con- 


cerning it. Having pour d Mercury into the Tube till 
it aroſe up to L,which was one Third of theSpaceE C, 
I found it to riſe 13 Inches; above IL in the other 
Leg; and when I had fill'd till the Mercary came up 
to EF, half the Space of * found it to be 27 — 


a little Space above the Mercury, to hinder it from 
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and; above GF, and having fill'd it to 44 Inches 
and above NM, M C was found to conſiſt of 
2 Parts 2 and a little more of the whole Space E C, 

divided into 10 of thoſe Parts, which ſtill makes 
the fame Proportion ; for the Barometers were then 
at 27 Inches 3: For the ſame Reaſons, if the Leg 
E C were much narrower than the other, the Air 
enclos d in it would by its Spring make the ſame 
Ezulibhiums with the Mercary in the other Leg. 
You will fee the fame Proportions when the Air is 
more ratified than that in the Place where the Ex- 
periment is made; which way be demenlirated 


Aker this manner. 


Takea _— asA B, (Heu) of what Length 
you pleaſe; for Example, 38 Inches long; make a 
Mark in it at acertain Point, 48 Z, an Inch above the 

open End B; that this End being dipp'd- in the 


Hercaty of the little Veſſel CD E up to the Mark, 


there may remain 37 Inches above it. Fill the Tube 
with Mercury, and leave in it 9 Inches of Air, that 
.wwhen the Tube is inverted, as you ſee in the Figure, 
and ſuſtain d with your Finger, there may be 9 


Inches of Air at the Top of the Tube; then if you 


— with the End of the Tabe, 
into the little Veſſel of Mercury, and afterwards 
tale off your Finger, the Mercury will deſcend, and 
after ſome Vibrations reſt when the Air is extended to 
21 Inches; whichit muſt do, to preſerve the Propor- 
tion betwixt the Weights and the Condenſations, be- 

n Which may be thus proy d. | 


The DEMONSTRATION. 
| Let the Tube A B (Fig. 42) be 38 Inches, wy 


2 B 1 cat A H, the Air enclos d above the Mer 
avy HB, (ſuſtain'd by the Finger at B) of what 


Aip your Finger, 


your „ 
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your Finger, the Mercury will deſcend ; foraſmuch 
as the Air A H is condens d equally with that in the 
Place where the Experiment is made; it ought by 
its Spring to make an Equilibrium with the Weight 
of the whole Atmoſphere, as has been already prov d; 
and being added to the Weight of the Mercury in 
the Space Z H, theſe two Powers together will over- 
balance the Weight of the Atmoſphere, and the Air 
A H muſt neceſſarily expand it felt, and part of the 
Mercury fall down, but it will not fall entirely; 
for if it did, the Air A H would be too much di- 
lated, and in that State could no longer make an 
Equilibrium with the Weight of the Armoſphere ; 
whence it follows, that ſome Part of the Mercur 
mult remain in the Tube. I fay, Secondly, That if 
A H be 9 Inches, it will expand it ſelf, and puſn 
back the Mercury; ſo that it will remain at the 
Height of 16 Ivches above the upper Surface of 

the Mercury FZ. G; let Z L be the Meaſure of 
this Elevation. Now then there will be an Ezuili- 
brium betwixt the Weight of the whole Column of 
the Air of the Atmoſphere, and the Spring of the 
expanded Air AL, join d to the Weight of the 16 
Inches of Mercury Z. L; and becauſe the Comple- 
ment of 16 to 28, is 12, the expanded Air A L by 
its Spring will make an Eguilibrium with the Weight 
of 12 Inches of Mercury; which added to 16 Inches, 
are equal to the Weight of the Atmoſphere. Bur as 
28 is to 12, fo is A L or 21 Inches to 9; whence it 
follows, that the Mercury ought to reſt 16 Inches above 
the Mark Z., when 9 Inches of Air are left in the 
Tube above the Mercury; becauſe the Air is con- 
dens d in Proportiof} to the Weight by which it is 
preſs d. But if the Mercury in another Experi- 
ment ſhould be at the Height of 21 Inches, you 

may judge according to the ſame Rule, that ſince 
11 9 theſe 
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theſe 27 Inches of Mercury make an Equilibrium 


with; of the Weight of the Atmoſphere, the re- 
maining fourth Part equivalent to 7 Inches, will be 
ſuſtain d by the Spring of the rarified Air enclos'd 
in the Tube, according to the Diſtinction of the 
Eguilibrium of Springs. Now 28 Inches of Mer- 
cury, the entire Weight of the Armoſphere, is to 7 
Inches, as 16 Inches of expanded Air is to 4 Inches 
of common Air; whence you conclude, that 4 


Inches of Air muſt be left in the Tube above the 


eG: that the Mercury may be at the Height 
of 21 Inches, and the Air expand it ſelf to 16. 
But if you would reduce the Mercury in the ſame 
Tube to 14 Inches, (which is half the Weight of 
the Atmoſphere) above the Mark Z, you muſt con- 
fider that there will remain 23 Inches up to A; and 
that the Air expanded to the __ of 25 Inches ought 
by its Spring to make an Equilibrium, with the remain- 
ing Half of the Weight of the Atmoſphere. You 
muſt ſay then, That as 28 is to 14, the Complement of 
14 to 28, fo is 23 the expanded Air that fill'd the 
Tube above the 14 Inches to 11 4, which ſhews that 
11 Inches and a half of Air muſt be left above the 


Mercary in a Tube of 38 Inches for the _ 
of the 
y with 


ment; and it plainly appears, that the Spri 
enclos d Air then making an Euilibrium on 
half the Weight of the Atmoſphere, ſince the 14 


Inches of Mercury make an Equilibrium with the 


other half, the Air is rarified in a double Proportion; 
and by all theſe Experiments, you may judge (ma- 
king uſe of the Rule before explain'd) what Quan- 
tiry of Air muſt be left ina Tube, great or ſmall, to 
make the Mercury reſt at ſich a Height as you 
pleaſe. For tho' the Tube were only 6 Inches above 
the Mark Z. you will find the ſame Proportions, by 
calculating after the ſame manner. As for — þ 
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If 2 Inches be the given Height of the Mercury, 
and you have found that as 28 is to 26, the Com- 
plement of 2 to 28, ſo is 4 the Space of the ex- 
panded Air above the two Inches of Mercury to 3 
0 3 Inches { will be the Quantity of Air that muſt 
e left in the Tube, that the Mercury may reſt at 
two Inches Height, in a Tube of 7 Inches immers d 
an Inch in a Veſſel of Mercury. 
If the Quantity of the enclos'd Air in the Tube 
be given, and you would know at what Height the 
Mercury will remain after the Experiment, you 
muſt make uſe of an Algebraic Calculation, apply- 
— 5 the ſame Rules, as I have taught in my 
y upon Logick, and my Treatiſe upon the Na- 
ture of Air. | 
Lou will find the fame Equi/ibriam from the 
Spring of the Air in Tubes full of Water and Air, 
ſuppoſing that the greateſt Weight of the Atmoſ- 
phere is equal to 31 Foot of Water, which is found 
true by Experience; for the common Barometer be- 
ing at 27 Inches 8 Lines, the Water-Barometer was 
at 31 Foot 1 Inch; and when the former was at 
28 Inches, this latter was at 31 Foot 4 Inches; | 
and if the other had been at 28 Inches 7 Lines, as it — 
is ſometimes, the Water would have been at 32 | 
Foot. If the Tube be 40 Foot long, and you would 
reduce the Water to 16 Foot, you mult put 12 
Foot of Air above the Water ; for the Air expand- 
ing it ſelf to twice the Space, and taking up 24 
Foot, it will make an Euilibrium by its Spring 
with half the Weight of the Atmoſphere ; and the 
16 Foot of Water that remain, will make an Equa- 
kbrium with the other half. We ſuppoſe that a 
{ſmall Part of the Tube being immers'd in the Wa- 
ter, to make the ney the ſame as —_— 
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the Alercury, there will remain 40 Foot above the 
immers'd Part. e 4003 bart and woy be 
Hence you. ſee plainly, that if you immerge an 
inverted Bottle full of Air, into a very deep Water, 
hanging a: Weight about its Neck ſufficient. to fink 
it to the Bottom, .whillt it gradually deſcends, the 
Water will ger into it, and riſe by degrees into the 
Neck ; and when it is ſunk to a Depth of 32 Foot, 
the Water that is got into it will reduce the Air to 
half the Extent that it had in the Bottle before its 
Immerſion; which I have explain d mote at large in 
my Eſlay upon the Nature of Air. | 21 
You ee farther the Error of thoſe that imagine, 
that Water may he made to riſe 32 Foot in a Pump, 
by drawing it with a Piſton above it, ſince ac- 
cording to the Stroke of the Piſton, you can only 
raiſe it to a certain determinate Height. For Exam- 
ple; Let there be a ſmooth Pump- Barrel of 20 Foot, 
having above the 20 Foot a- Piſton of the ſame 
bigneſs, which can neither riſe nor fall above the 
Space of a Foot; I ſay, that if there be a Valve or 
Clack at the Bottom of the Pump, and you play 
the Piſton, the Water can't riſe 12 Foot. For let 
it riſe 11 Foot, if it be poſſible, or pour Water 
upon the Clack to the Height of 1i Foot, and refit 
the Piſton, there will remain 9 Foot of Air up to 
the Piſton; and this Air, which will be rarified by 
raiſing the Piſton a Foot, can only be rarified accord - 
ing to the Proportion of 9 to 10; and becauſe 21, 
the Complement of 11 Foot to 32, which is the 
Weight of the Atmoſphere, is to 32 as 9 to 135, 
to ſuſtain the Water at 11 Foot, the Piſton muſt be 
raiſed 4 Foot; to make the Equilibrium betwixt the 
Weight of the Atmoſphere, and the diminiſh'd 
Spring; of the Air enclos d, join d to the Weight of 
11 Foot of Water, as RED explaind ; whence 
„ | ' it 
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it follows, that if the Piſton be raiſed only a Foot, 
the Clack will not open at all, nor the Water riſe 
above 11 Foot. | bits 

To give Rules for the rifing of Water in Pumps, 
make uſe of an Algebraic Calculation in this Man- 
ner. We will call A the Height to which the Wa- 
ter ought to riſe in the Barrel of the Pump from 
the Stroke of the Piſton, abſtracting from the 
Weight of the Clack. Let the Barrel be 12 Foot 
above the Surface of the Water that you would raiſe ; 
and ſuppoſe that you have a Mind to raiſe it to this 
Height of 12 Foot by one Stroke of the Piſton, 
you muſt make this Analogy : As 20, the Comple- 
ment of 12 Foot to 32, is to 32; ſo is 12 Foot of 
common Air to a 4th Proportional; this 4th Pro- 
portional will be 19 5, which ſhews that the Barrel 
of the Pump muſt be pretty long to raiſe the Piſton 
19 Foot; above the 12 Foot, in order to raiſe the 
Water 12 Foot by only one Stroke of the Piſton 3 
but if the Play or Stroke of the Piſton were limited to 
2 Foot, you muſt ſay; As 32 —A is to 32, ſo is 12 — 
A to 14 — A. The firſt Term is the Complement of 
the unknown Height to which the Water will riſe, to 
32 Foot of Water; which is the Weight of the At- 
moſphere : The third Term is the 12 Foot minus that 
Height, and the fourth is the 2 Foot that the Piſton riſes, 
join d to 12 Foot minus the ſame Height. Now 
the Product of 14 — A, by 32 —A, is 448 
— 46 A+ AA, and the Product of the two 
middle Terms is 384 — 32 A; the Equation be- 
ing reduc'd, there will be an Equality betwixt A A 
and 14 A— 64; and becauſe 64 cannot be taken 
from 49 the Square of 7, which is half the Roots, 
tis a ſign that in continuing to pump, at ſeveral 
times you may raiſe the Water up to the Piſton; 
and to know how far it will riſe the firſt Stroke, 
unn | vou 
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you muſt ſuppoſe; that the Piſton is riſen 2 Foot 3 
there will then be an uniform Barrel of 14 Foot; 
and according to the Rules laid down in my Eſſay 
upon Logick, and my Treatiſe of the Nature of 
Air, make this Calculation. The enclos'd Air was 
12 Foot; 12 Foot + A is to A, as 32 to 2 — 
A ion being reduc'd, you will find that 
A A will be equal to 24+— 42 A; and] ar laſt, 
that the Value of the Root will be a little leſs than 
2; which being taken from 2, there will remain 
13 and a little more; and conſequently the Water 
will by the firft Stroke of the Piſton riſe but one 
Foot and a little more. 

If you had ſuppos'd the Play of the Piſton to be 
one Foot, you might know by the ſame Calculation 
how high the Water would riſe by the firſt Stroke 
of the Piſton; and it you would know to what 
Height ir may riſe after ſeveral Strokes, you muſt 


y, As 32 — A is to 32, ſo 12—Ais to 13 


— A; the Equation being reduc'd, you will find 
13 A— 32 equal to A A: The Square of 63 the Half 
of the Roots is 42 5; from which ſubſtracting 32, 
there remains 104, the Root of which is 3 l a little 
lefs : Take that from 6 5, and there remains 3 and $ ; 
add that to 6 3, and it will make 9 ; and theſe Num · 


bers 3 2 and 42 will be the two Roots; which ſhews 


that the Water can never riſe when the Barrel is empty, 
above 3 Foot Z and a little more, tho you play the 
Piſton as long as you pleaſe; but if you had fill'd 
the Barrel 9 Foot , you might make the Water 
— 2 Foot compleat by ſeveral Strokes of the 
Let us ſuppoſe now that the Barrel is 14 Foot up 
to the Piſton, and that the Stroke of the Piſton is 2 
Foot; 32 — A will be to 32, as 14 — A to 

16 — fl. To find the Equation eaſily, you 
| muſt 
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/ muſt multiply 32 by 2, the Difference of 14 and 
16: The Product is 64 for the abſolute Number, 
and that of 16 A will be the Number of the Roots, 
and A A will be equal to 16 A— 64; the Square 
of half the Roots is 64, from whence ſubſtraQting 
64, there remains o, whoſe Root is o, which being 
taken from and added to 8, ſtill makes 8 ; which 
ſhews that there is but one Root, and that the Wa- 
ter can't riſe above 8 Foot ; but if you make the 
Piſton play ever ſo little higher than two Foot, the 
Water will riſe 14 Foot. The Analogy is eaſy ; for 
the Piſton being rais'd 2 Foot, the Barrel will be 16 
Foot, and that Water being at 8 Foot, there will re- 
main 6 Foot of Ait; but 32 is to 24 the Comple- 
ment of 8 Foot to 32, as 8 Foot of rarified Air to 
6 Foot of common Air ; then the Water will riſe no 
_ than 8 Foot, if the Piſton plays but 2 

($16) | 

Thence you ſee, that to draw up Water to a conſi- 
derable Height, as 20 Foot, the Breadth of the Pump- 
Barrel muſt be diminiſh'd, and a ſufficient Space 
muſt be allow'd for the Stroke of the Piſton ; for, 
ſuppoſing that the Surface of the Piſton be 4 times 
broader than the Baſe of the Barrel, the rifing of 
the Piſton 1 Foot will have the ſame Effect as if it 
roſe 4, if the Diameter of the Piſton were only 
equal to that of the Barrel; if then the Stroke be a 
Foot and a half, it will be the fame as if it roſe 6 
Foot, and were of the ſame Breadth : Now the 4 
Terms of Equation being 22 — A; 32, 20 
— A, 26 — A, there will be 6 times 32 
viz. 192 for one Term of the Equation, and 26 A 
for the other, according to what has been faid; 
there will be then A A equal to 26 A — 192; 
the Square of half the Roots is 169 leſs than 192; 
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and conſequently if you pump a long Time, you 

dhe Mt 20 Fot. 
If in the Example above mention d, you take 8 

Foot for the higheſt Term of the Water, when the 
Barrel is 14 Foot, and the Stroke of the Piſton 2 
Foot, tis eaſy to prove, that if you ſuppoſe 9 
Foot of Water upon the Clack, it will continue to 
riſe: by the playing of the Piſton 2 Foot; for there 
will remain 5 Foot of Air. Now there is a leſs 
Proportion .betwixt 5 and 7, than there is betwixt 
27, the Complement of 5 to 32, and 32, and con- 
ſequently. the Water will riſe higher than 9 Foot. 
The Proportion will ſtill be more unequal, if you 
take 10 Or 11 Foot; and if you take 7 inſtead of 8 
Foot, the Water will ſtill riſe, for there will re- 
main 7 Foot of Air; now 25, the Complement of 
7 to 32, is to 32 as 7 to 8 3; then if the Piſton 
goes 2 Foot, it will raiſe the Water higher than 7 
Foot; it will riſe ſtill more eaſily, if you pour in 
only 6 Foot of Water; for there will be 8 Foot, of 
Air. Now the Complement 26 is to 32 as 8 to 9 
2: ; then if inſtead of 9 & which makes the Equz/:- 
Brium, the Piſton goes 10 Foot, it will make the 
Water riſe ſtill better than when it was at 7 Foot; 
and better ſtill when it is at 5 Foot, c. If you 
would know what Play the Piſton muſt have to raiſe 
the Water 30 Foot, you mult take a Number a little 
greater than the half of 30, as 16, at which Point 
row near the Water will riſe with the greateſt 
Difficulty ; the Complement is 16, the Remainder 
of Air is 14.3 as 16 is to 32, 10 is 14 to 28. The 
Piſton then muſt riſe 14 Foot; or if the Barrel be 
2 Inches Diameter, the Piſton mult be 7 Inches :; 
for the Square of 7; is 56.3, which is a little more 
an 14 times 4 the Square of 2 Inches; and then it 
will be ſufficient that the Stroke of the Piſton be 
One 
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one Foot; but as it is ſtill more difficult at an Ele- 
vation of 18 Foot, the Piſton muſt be 8 Inches Diame- 
ter to raiſe the Water above 18 Foot, when its Stroke 
is hut one Foot. By the ſame Force of the Air's 
Spring may be eaſily explain d the following Experi- 
ment, which is pretty curious. CN 
Take a Tube about 12 or 15 Lines in Diameter, 
clos'd at the Bottom as A G (vid. Eg. 43.) but ſome- 
thing narrower towards A, that you may ſtop it 
exactly with your Thumb; fill it with Water, and 
put therein a ſmall Figure of Glaſs or hollow Cop- 
per, that has a ſmall Pin- hole in it, as at D, fo that 
Air and Water may get into it; and let its Gravity 
with reſpe& to Water be ſo well proportion'd, that 
if you add a little Weight to it, it will fink to the 
Bottom, and if you take it away, it will ſwim in 
the Tube like Wax. Apply your Thumb to the 
open End A, and preſs it ſtrongly, the little Figure 
will deſcend as far as B, or lower; nay, even to the 
Bottom; take away your Thumb, and it will riſe 
again; and if, after it has riſen as far as E or C, 
you put your Thumb on again, it will again begin 
to deſcend: The Cauſe of 'theſe Effects is this; 
When you preſs the Water with your Thumb, you 
preſs likewiſe the Air that is in the' Figure, and 
condenſe it, tho' you do not condenſe the Water; 
and conſequently you force ſome Water into the 
Figure at the little Hole at D, which makes its Spe- 
cific Gravity then greater than that of the Water, 
and therefore it deſcends; but when you take oft 
your Thumb, theenclos'd Air puſhes out the Water 
thro this ſame Hole by virtue of irs Spring that is 
ſet at Liberty; and being expanded as before, (the 
Figure with the Water and the enclos'd Air regain- 
ing their former Diſpoſition) it reaſcends. But if 
you take off your Thumb ſuddenly, a little Air will 
ruſh out with the Water, and both of them by their 
Impulſe 
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Impulſe againſt the Water in the Tube, will make 


the Figure whirl about. It ſometimes happens, 
that too much Air gets out of the Figure, and 
When it is got to the Bottom, it can't riſe again, 
tho* you do take off your Thumb; in this Caſe 
you muſt fink your Thumb pretty far in the Tube, 
and draw it back, ſo that it may fill the Mouth of 
the Tube exactly, that the external Air may not 
in in the Place of your Thumb; the Air in the 
igure being then leſs preſs d, will expand it ſelf 
more than it commonly does, and force out more 
of the Water that was in the little Figure; which 


will make it lighter and raiſe it up, provided you 


keep your Thumb ſtill in the Tube, and do not 
wi it entirely. Sometimes the Weight of 
the Figure and of the Air enclos d in it, is ſo well 
portion d to the Specific Gravity oſ the Water, 

| 1 by putting your Thumb upon A, the Figure 
will deſcend as to F, and taking away your Thumb 
again, the Figure will reaſcend; but if you let it 
fink as far as B, and then take away your Thumb, 
it will continue to fink, becauſe the Weight of the 
ater A C does not preſs enough upon the Air in 
the little Image, to force into it a Quantity of Water 
ſufficient to make it of a Specific Gravity equal to 
that of Water; and the Preſſure of the Water AB 
upon the Air is ſufficient for this Effect; which 
cauſes it to fink to the Bottom, where the Weight 
of the Water being ftill greater, the Air in the little 
Figure is more condens'd, and more Water is forc'd 
into it; whence proceeds its riſing again with 
greater Difficulty. Hence you ſte the Error of thoſe 
who imagine that Water and Air don't weigh upon 
Bodies below them; and they judge ſo, becauſe 
we are not ſenſible of the Weight of the Air. But 
it ought to be conſider d, that our Bodies are _ 
5 rally 
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rally diſpoſed to bear this Preſſure of the Air, ſuch 
as it is here below; wherefore we ſuffer no 

venience from it. But if we were carried up to an 
Air twice as much rarified, the Aerial Matter in our 


Blood and other Parts of the Body that are very 


hot, would turn to Air, and make ſuch Bubblings 
as would inflate and ſiyell up our Bodies, and prove 
very inconvenient. Lou ſee an Experiment of it, 
by putting a Bird in an Air-Pump ; for when the 
Air is reduc'd to a Rarefaction twice or thrice 
reater than that which it commonly has near the 
xth, the Bird dies in a ſhort Time, becauſe its 
Fant being hot, gy no longer preſ$'d by the com- 
mon Spring of the Air, it throws out a great 
Bubbles, Juſt as hot Water does, which is for ſome 
time-enclos'd in the Air-Pump. But on the contrary, 
if we were in an Air doubly condens'd, we ſhould 


ſuffer very much from it, tho we ſhould ſcarce be 


ſenſible of its Preſſure; becauſe if on one Side it 
preſs d upon the Breaſt to hinder Reſpiration, on 


the other Side the Spring of the Air, that would 


get into it by Reſpiration, would prevent the Action 
of the external Air ; whence it follows, that thoſe 
that go 7 or 8 Foot under Water, can't feel any ſen- 
fible Weight, becauſe it preſſes upon them equally 
on all Sides, and the Weight of rhe Atmoſphere 
being equal to 32 Foot of Water, the Addition of 
theſe 8 Feet augments the Preſſure but about , which 


can't be very ſenfible. Some object againſt theſe 


Arguments and Effects of the Spring of the Air, 
that when a Tube open at both Ends is made uſe of 


in the Experiment of the Air enclos'd. above the 
Mercury, and any. one ſtops the upper End of the 
Tube with his Finger, to prevent the Communica- 
tion of the outward Air with that enclos'd, when 


the Experiment is made, it ſeems io him that my 
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the upper End, that his Finger isfuck'd or drawn in 
by the deſcending Mercury, and he even feels ſome 
Pain as if he were pinch'd ; whence they conclude, 
that the expanded Air in the Tube does not act by 
its Spring to ſuſtain a Part of the Atmoſphere, be- 
cauſe it would preſs againſt the Finger, and repell 


it rather than attract it. To clear this Difficulty, 


ou muſt confider, that when a wither'd Apple, or 


fome ſuch Body, is put into an Air-Pump, after you 


have pump'd out a great Part of the Air, the Body 
ſwells and expands it ſelf; and if your Finger were 
enclos'd therein by means of a Bladder cut at both 
Ends, or any other way, that Part of your Finger 
would ſwell extremely, and you would feel a great 
deal of Pain; whence it follows; that that Part of the 
Finger which ſtops che upper End of the Barometer- 
Tube, being contiguous to Air that's very much rari- 
fy d, and tlie reſt being preſs'd by the whole Weight of 
the Atmoſphere, this ſmall Part muſt ſwell, and make 
2a great Convexity towards the Infide of the Tube, 
which it can't do without Pain; and the more the 
Air is rarify d in the Tube, the more this Swelling 
and Pain are ſenſible, and the weak Endeavour of 
This rarify'd Air to repell the Finger, will not be 
ſdfficient to hinder it from ſwelling, fince that Part 
of it that's expos d to the open Air will be much 
more preſs c. R N. 
It may ſtill be objected, that when there ate 28 
Inches of Mercury ſuſpended in the Tube, if you 
raiſe it with your Hand, without taking it out of 
the ſtagnant Mercury, the Veſſel is charg'd with a 
Weight equal to that of the-enclos'd Mercy, 
which it * not to be, if it made an Equilibrium 
with the Weight of the Atmoſphere. This Diffi- 
culty is anſwered, by ſay ing, that the ſuperior Air 
which is above the Tube has then no other Air . 
15 make 
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make an Eguilibrium with it; for that which ought 
to ſuſtain it below the Tube, ſuſtains the Mercury 
which is in the Tube; then you muſt ſuſtain all the 
Weight of the ſuperior Air that weighs 28 Inches 
of Mercury; and if the Tube were only 14 Inches 
long, and. the Mercury: were up to the Top of it, 
then you would only feel the Weight of 14 Inches 
of Mercury, becauſe the Air that preſſes upon the 
ſtagnant Mercury in the Veſſel, would ſuſtain theſe 
14 Inches, and {till have a Force towards the Top of 
the Tube internally equal to 14 Inches more; ſo it 
would make an Eguilibrium with half the Weight 
a the ſuperior Air, and the Hand would ſuſtain the 
me -.- 

Flame can likewiſe by its Spring make an Equi- 
librium with other Bodies; but as there is no other 
Flame befides that of Gunpgygder that can bear to 
be compreſs d without being extinguiſh'd, and ſince 
this Flame continues but a ſhort Time, it's very 
difficult to make Experiments of its Equilibrium; 
and the Force of its Spring is ſo great, that no 
Weight has hitherto been found great enough to 
overcome it, it being able to overturn not only en- 
tire Baſtions, but even Mountains. | 

To underſtand how it acts with ſo great a Force, 
you may ſuppoſe that a certain Quantity of Pow- 
der is ſet on Fire, that fills a pretty large Tube plac d 
pare: tle and that-a great Weight, whoſe 
Breadth exactly fills the Mouth of the Tube, preſing 
upon the Flame of the Powder, contracts it; 10 
that being reduc'd to a very ſmall Space, and not 
extinguiſn d, it makes an Equilibrium with the 
Weight; which it may be conceiv'd to do during 
the Space of a Second, and in this State tis the 
Spring of the Flame that makes the Eguilibrium 
with the Weight; ſo * the Weight being | 
1 creas'd, 


+ 
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creas d, this Flame would be reduc'd to a narrower 
Compaſs, ſuppoſing it unextinguiſh'd, and its Spring 
being then ſtronger, would ſtill make an Equilibrium 


with this greater Weight. Now if you imagine 


that at the ſame Moment an Addition of Powder 
is ſet on Fire, the Spring of the Flame will be in- 
creas d, and the Weight being no longer able to 
make an Equilibrium with it, will be puſh'd up; 


and being once ſet in Motion, the Continuation of 


the Extenſion of the Flame's Spring, which will 
extricate and extend it felf further, will accelerate 
its Motion more and more, and at laſt force up the 
Weight very high into the Air. 

This being ſuppos d, it is eaſy to conceive, that 
if you put 10 or 12000 Weight of Powder in a 
Mine; and that when all the Powder is fer on Fire, 
it will take up the Space of 200 Foot in Height, 
and 1co in Breadth, it will happen that only a ſmall 
Quantity of it will be lighted ar firſt, which will not 
be ſufficient to raiſe up the whole Baſtion ; but becauſe 
this Flame has the Property not to be ſmother'd or 
extinguiſh'd by being preſs d, 30 or 40 times more 
will be fer on Fire than the Chamber of the Mine 
could contain if it were laid open; and then if its 
Spring be ſtrong enough, it will 1 in to raiſe the 
Farth above it ; which being once ſet in Motion, 
and the reſt of the Powder continuing to take Fire, 
and filling the Space which the Earth had quitted 
when it | to riſe ; ſo that its Spring is ſtill | 
ſtronger than the Weight of the Earth which is al- 
ready in Motion; it will accelerate its Velocity 
more and more, and at laſt blow up the Baſtion at 
the T6p and Sides; or at leaſt ſome Part of it, 
till all the Flame has acquired irs natural Extent 


in the open Air. 4 
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A little Powder has the ſame Effect in Canons 
for it takes Fire ſucceſſively, tho in a very ſhort 
Time, without driving the Bullet forwards, till the 
Spring of the Flame compreſs'd overcomes the Re- 
ſiſtance of the Bullet, and when it has begun to 
move, the reſt of the Powder that ſuddenly takes 
Fire, increaſes its Spring, and accelerates the Velo- 
city of the Bullet, ſo as to drive it out 15 or 1600 
Tm 2 | 

Whence you ſee that a Canon of 20 Foot muſt 
carry a Bullet further than one of 10 Foot, becauſe 


the Powder has more Time to take Fire and in- 
creaſe its Spring whilſt the Bullet paſſes thro* thoſe 


Spaces. 

Fo ſee likewiſe, that if one Drachm of Powder 
when it has taken Fire, has Force enough to ſtir a 
Bullet that is not cloſely fix'd to the Canon, it will 
not be driven ſo far as if it were well ramm'd and 
preſsd down with Cork, or ſome other Materials 
that may hinder it from being put in Motion till 
2 or 3 Ounces of Powder have taken Fire; for in 
this latter Caſe, its Motion at the Beginning will 
be faſter and irs Acceleration greater. 

For the fame Reaſon, if the Powder be very fine, 
and eafily takes Fire, it will drive the Bullet farther 
than if it were courſe and large, becauſe more of 
it will be fir d whilſt the Bullet is in the Cannon, 
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Of the Equilibrium of Fluids by their 


Impulſe. 


F LAME can make an Equilibrium with Weights 
by its Impulſe ; you may meaſure its Force, 
it you let it out at at a pretty large Tube, and 
make it ſtrike againſt the Floats of a Wheel hori- 
Zontally fituated, provided the Floats are in an 
oblique. Poſition, juſt as the Sails of a Windmill 
are. The Flame that. goes up Chimneys is made 
ule of in ſeveral Places to turn ſome ſmall Engines 
near the Fire, and the greater the Fire is, the ſwifter 
is the Motion of the Flame; but this Motion can- 
not be much increas'd by Art, and its Impulſe has 


no great Force. A Rocket riſes by the Impulſe of 


the. Flame againſt the Air, but if it be too heavy 
it can t riſe; thus its Equilibrium may be meaſured. 
The Flame of Thunder, that moves with great Ve- 
locity, has a very conſiderable Force; for it over- 
turns Towers and Rocks; the Velocity of the Flame 
likewiſe increaſes its Force in burning, as may be 
obſerv'd in great Fires when the Wind is very high. 
You may fee likewiſe very ſenfible Effects of it, 
when the Enamellers blow the Fire of their Lamps 
againſt Glaſs or Metals, in order to melt them ; 
but becauſe Flame is not eafily govern'd, or made 
to continue of the ſame Velocity or Bulk, and 1 
wou 
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would coſt too much to maintain it ſo as to produce 
any extraordinary Effects, it is very rarely made uſe 
of to work Engines; wherefore it is not neceſſary 
here to examine its Force, or compare it with that 
of other Fluids. "PF 

Air and Water are employ'd to move Engines by 
their Impulſe. Their Equilibrium with each other, 
and with ſolid Bodies that they ſtrike againſt, may 
be found by the following Rules. 2 


RULE I. 


Jet · d eau's, or Spouts of Fountains, do not impell 
with the united Force of all their Parts, as Vela 
Bodies do. | I v1 


The EXPLANATION. = 


(Vid. Fig. 44.) A B is a Jet- d eau iſſuing from the 
Cylinder C D, and EF is a Cylinder of Wood; 
whoſe Parts being Join'd and united together, tis 
evident that when the Extremity F of this Cylinder 
ſtrikes againſt a Body, it impells it with the united 
Force of all its Parts: But a Fet-d'eau, as AB, be- 
ing carried according to the Direction A d B, can 
only ac by thoſe Parts that go firſt; for Water be- 
ing a Fluid, and compoſed, as it were, of an infi- 
nite Number of Corpuſcula, or little Bodies, that 
ſlide one upon another, as ſmall Grains of Sand 
would do; only the firſt towards B, can make the 
firſt Effort upon Bodies that they meet, and they 
either reflect, or fall off before the other Parts at d 
can impell in their Turn. For the better underſtand- 
ing of this, you muſt confider, that the Velocity 
ot Water going out at a ſmall Hole, made at 

the Bottom of a very 1 Tube, is very * f 
xi E om 
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From the Velocity of that that iſſues out from a 


Tube whoſe Diameter is equal throughout ; for in 
this latter Caſe, it begins to go out very lowly, Juſt 


as a Cylinder of Ice would, that you ſhould let fall. 
Let A B, (Fig. 45.) a Tube of equal Breadth through- 
aut, be fill d with Water, and ſuſtain'd with the Finger 
at B; tis evident that the Velocity of the Water 
when it goes out at B, is equal to that at A, and 
that the whole Cylinder of Water falls all at once, 
as if it were ſolid; and conſequently it is ſubject to 


the ſame Rules in falling, that a Cylinder of Ice of 


the ſame Bulk would be; namely, that beginning 
by a very {mall Degree of Velocity, it increaſes it 
in its Deſcent, according to the uneven Numbers 
1, 3, 5, 7, Cc. that is to ſay, if in one Quarter 
of a Second it falls a Foot, the Second Quarter it 
will fall 3 Foot, in the Third 5, Cc. whence it 
follows, that the Water which was at A, being got 
0 + 9 much faſter than that which goes 
Galileo has ſpoken largely of the Accele- 
ration of the Velocity K 80 . freely in the 
Open Air ; which I conceive to be thus: If a very 
light Body ſtrikes againſt another 100 times heavier 
than it ſelf, it will give it the hundredth Part of its 
Velgeity, and ſtriking it a Second Time, it will 
Sive it another hundredth Part; fo that if the im- 
pelling Body has 101 Degrees of Velocity, the im- 
pell d Body will take one Degree at the firſt Impulſe, 
and its Quantity of Motion will be 100; and being 


the ſame Velocity of 101 it will receive 
from it a new Degree of Velocity; which, joined 
to the Firſt, will make two Degrees: The Third 
Impulſe will fill add a Degree, and ſo on, as was 
poy'd in the Treatiſe of the Impulſe of Bodies. 


f The 


-impelled a Second Time ” the light Body with 


The ſame thing will happen, if a weak Power. 
draws a very heavy Body to it, by acting upon it 
ſucceſſively. - Now whether a Body be attracted or 
impell'd by a very light Fluid, if at the firſt Mo- 
ment of its Effort, it moves a Line by an uniform 
Velocity; at the ſecond Impulſe and the ſecond Mo- 
ment it ought to move two, and at the third Mo- 
ment three, E7c. Oe 
Now if you take ſeveral Numbers one after ano- 
ther, beginning with a Unit, as 1, 2, 3, 4, Cc. to 
20, and count 20 Moments, the Sum of this Pro- 
greſſion will be 210; and if you count 40 Moments, 
according to the ſame Progreſſion to 40, the Sum of 
theſe latter Numbers will be 820, which is near the 
Quadruple of 210, the Sum of the 20 firſt Num- 
bers; but if you proceed thus in Inſinitum, this laſt 
Sum will be the Quadruple of the firſt preciſely, be- 
cauſe the Proportion of the DefeQ conch de- 
creaſes ; which Galileo has alſo prov'd in his Trea- 
tiſe of the Acceleration of the Motion of falling 
Bodies. But if the Motion be made thro' a v 
heavy Fluid, the Acceleration will ſoon be ſtopp 
and the falling Body reduc'd to an uniform Velocity ; 
as likewiſe a very light Body that falls in the open 
Air, as has been prov'd in the Treatiſe of Per- 
cuſhion. One may judge further of the ſlow Mo- 
tion of the firſt Drops of Water iſſuing from a 
Tube of an-uniform Breadth, by the following Ex- 
periment. Take a bended Tube 2 or 3 Foot | 
of equal Bread th enten as C DG (vid. Eg. 46. 
pour in Water at C till it runs out at G, then ſtop 
the End G, and pour on till you fill the Tube up to 
C; after this, ſtop the End C with another Finger, 
and open the End G, if the Tube be only 3 or 4 
Lines in Diameter, the Water will not run out at all; 


rake off the Finger that topp'® the End. C, and 
b | 4 


2 


put 
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put it on again very ſuddenly, the Water will ſpout 
out at G only 4 or 5 Lines high; whereas if the 
Tube C D be much wider than the Hole G; 
for Example, if it be 9 Lines in Diameter, and the 
End only 2 or 3 Lines, and you open and ſhut the 
ſmall Aperture at G with the ſame Haſte, the Drops 
of Water that go out at G will ſpout up almoſt 
as high as C. You may, ſtill further perceive the 
Slowneſs of the Water's Motion at its firſt going 
out of the Tube, as A B in Hęure 45, and its Ac- 
celeration, if you fill this Tube with Water, and 
ſuſtain it with your Finger, ſuſtaining likewiſe a 
little Stone with another Finger of the fame Hand; 
for, taking away your Hand ſuddenly, you will ſee 
the Stone and the loweſt Part of the Water deſcend 
with the ſame Velocity for 12 or 15 Foot. 


Another very curious Experiment for the Proof 
of this Rule, is made after the following Manner. 


Take a Tube 8 or 10 Foot long, as MN, re- 
preſented by Figure. 49, as ſmooth and even 
within as it can be made; fill it with Water, which 


vou muſt ſuſtain with your Finger, and then of 


a ſudden let it run out upon the End of the 
Rule QR, near the Point R; which Rule ſerving 
for a Balance, ought to be Horizontal, and ſupport- 
ed at the other End by a Prop, as O U; and the 
Point R ought to be only 5 or 6 Lines diſtant from 
the Baſe of the Tube thro which the Water paſſes, 
that is to ſay, a Line more than the Thickneſs of 
the Finger that ſuſtains the Water; then if at 
the other End Q, you fix a Weight Q 7 or; leſs 


than the whole Weight of the Water in the Cylin- 


der, this Weight will not riſe at the Beginning of 
the Water's Fall, tho” the whole Body of Water 
ſeems to weigh upon R, but only when the Tube is 
almoſt empty; which ſhews, that only the firſt _ 
25 A 2 i s 0 
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of the Water make the Impreſſion, and that when 
they go out very flowly, as they do at the Begin- 
ning of their Fall, they can only raiſe*a Weight 
much leſs than the Weight of the whole Cylinder; 
but that when they have acquired a great Velocity in 
falling from the Height M, the remaining Parts, by 
their great Impulſe, raiſe what the firſt could not raiſe 
by their weak Impulſe at the Beginning of their Fall. 
And if you raiſe the ſame Tube 2 or 3 Foot above 
R, and leave only an Inch of Water at the Bottom 
of it (it the Tube be 7 or 8 Lines in Diameter) it 
will have leſs Force in falling upon R, to raiſe a 
Weight at Q., than a little Ball of Wax, or Wood 
lighter by half than the Water, falling from the 
ſame Height; which ſhews, that the Ball makes its 
Impreſſion by all its Parts, and the Inch of Water 
only by thoſe that are neareſt to the firſt Surface that 
impells the Balance, and which are help'd a little by 
the more diſtant Parts that fall on each Side. For 
tho' Water does not impell by all its Parts, and it 
be difficult to determine the preciſe Height of the 
Water from which the Parts immediately impelling 
ought to be eſtimated ; yet *ris very probable that 
the Parts that fall firſt act the moſt, and that thoſe 
that are a little higher, as 2 or 3 Lines, act a little leſs; 
and that ſome {mall Impuſe may reach even 5 or 6 
Lines; as would happen if 5 or 6 little Grains of 
Sand were contiguous to one another (vid. Fig. 47.) 
as AEF D B falling upon the Rule G H, from a de- 
terminate Height, not being all in the ſame perpen- 
dicular Line, the two Grains D and B would ſtill 
contribute a little to the Impulſe of the firſt, tho 
they would not act with their whole Weight, and 
all their Velocity, nor being in the ſame Line of Di- 
rection; the higheſt Grains A E F contribute like- 
Wiſe a little, and cauſe the Rule to be impell'd 

| more 
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more ſtrongly, than if only the Grains B and D 


were there. | 3 
Now Water being compos'd of an infinite Num- 
her of Curpuſcula, or little Bodies, contiguous to 


one another, much leſs than the ſmalleſt Grains of 


- Sand, that eafily roll and flide one againſt another, 
a little Cylinder of Water, as G H, will have an 
Impulſe ſomething ſtronger than a leſſer one, as 
LAH, becauſe there are more of theſe Corpuſculs in 


a direct Situation one upon another in the Height of 


Fo RULE I. 


Pater that ſpouts out at a round Hole from the 
Bottom of a Reſervatory, makes an Equilibrium by 


of Water,. whoſe Baſe 1s that Hole, and 
hoſe. Height is from the Center of the Hole to the 
upper Surface of the Water. 
This Propoſition, together with the Force of the 
-Air's Impulſe, is thus demonſtrated. A B CD is 
a hollow Cylinder, whoſe rwo Baſes A D, B C, 
are of Wood, and the reſt of Leather (vid. Fig. 48.) 
Juſtain'd and extended by ſeveral, Hoops of Wood 
or Wire, as F E, HI, LM, in ſuch manner that the 
Baſe A D may be brought down very near the Baſe 
B C, which is ſuppoſed, immoveable. N is an Aper- 
ture or Hole made in the Baſe B C, thro' which the 


its 7 with a Weight equal to the Weight of a 
Cylin 


Air enclos'd inthe Cylinder, may go out: This Cylin- 


der is loaded with a Weight P, .plac'd on the Surface 
AD ; and to the Bottom of the Cylinder, you ap- 
ply 3 Balance like that in the 49th Figure; fo 
that tihe Rule QR being in an Horizontal Poſition, 
the Po int R near its End, muſt be very near the 


Aperture N, and directly under the Center % 2 


22 2 28 
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The Apparatus being thus fix d; I fay, that if you 
put a Weight, as Q, upon the other End of 
the Balance, whole Axis is ſuppoſed to turn ea- 
fily upon the Points C D; and that the Air which 
the Weight P in its Deſcent forces out thro the 
Aperture N, impelling the Extremity of the Balance 
towards R, makes an Equilibrium with the Weight 
Q, ſuppoſed to be equally diſtant from the Axis 
CD; this Weight will be to the Weight P, in 
the ſame Proportion as the Surface of the Aperture 
N, is to the entire Surface of the Baſe B C: For if by 
means of a Pair of Bellows, whoſe Pipe has a 
Bore equal to the Aperture N, you blow Air 
againſt this Aperture with a Force equal to that of 
the Air which the Weight P drives out, there will 
be an Equilibrium betwixt theſe two Powers, and 
the Weight P will not deſcend, becauſe no Air will 
go out at the Aperture; and then the Air impell'd 
by the Bellows, filling this Aperture, will ſuſtain 
its Part of the Weight P, as the other Parts of the 
Baſe B C ſuftain the reſt of this Weight ; and that 
Part which the impell d Air ſuſtains, will be to the 
whole Weight P, in the fame Proportion as the 
Aperture N is to the entire Breadth of the Baſe 
C D; then reciprocally, the Air iſſuing out at 
this Aperture after the Bellows are remov d, will 
make an Eguilibrium by its Impulſe with a Weight 
which is to the Weight P, as the Aperture N is to 
the Baſe BC. And it you ſtop up the Aperture at 

N, and open another of the ſame Breadth, 
near the Baſe A D, as at the Point K, the Ab will 
go out at it with the ſame Velocity as thro the Aper- 
ture N, if the Baſe A D be preſs d with the ſame 
Weight P, and will make an Ezuilibrium by its Im- 
pulſe, with the Weight to which it was an equal 


Counterpoiſe before, _ : 
WO And 
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And if the Cylinder be 1 25 ſucceſſively by 
different Weights to make the Surface A D deſcend 
faſter or flower, the Air that goes out thro the 
Aperture N, will make an Eguilibrium by its Im- 
pulſe with Weights that are in the ſame Proportion 
one to another, as the Weights that ſucceſſively preſs 
the Baſe A D; becauſe the Proportion of the great 
Weight P, to the little one that makes the Equilibrium, 
is always the ſame as that of the Baſe B C, to the 
Aperture N; whence it follows, that the little 
Weights muſt be to each other in the ſame Propor- 
rion, as the great Weights that are pur ſucceſſively 
upon the Surface A D. And if the ſame Cylinder 
be fill d with Water, the Water ejected thro' the 
Aperture K, by the Force of the Weight P, will 
produce the ſame Effect as the Air; that is to ſay, 
it will make an Equilibrium by its Impulſe, with 
a Weight which will be to the Weight P, as the 
Aperture K to the whole Baſe B C; becauſe then the 
Weight of the enclos'd Water will contribute no- 
thing ſenſibly to the Force of the Ejection, becauſe 
tis almoſt all below it; and if a Fer- d'eau of the 
ſame Breadth, and the ſame Velocity, {tfkes di- 
realy againſt the Water that ſpouts out at the Aper- 
ture K, it would ſtop it, and make an Eguilibrium 
wvith it, and ſuſtain a Part of the Weight P, ac- 
cord ing to the Proportion of the Aperture K, to the 
Surface B C; whence a Paradox follows ſurprizing 
enough, namely, that Air and Water ſucceſſively 
Wing out at the ſame Aperture K, what Weight 
Toever you put upon the Baſe A D, raiſe the ſame 
Weight by their Impulſe, tho Water be of a much 
denſer and heavier Matter than Air : But to make 
amends, the Air goes out with a greater Velocity 
than Water ; for it has heen found by ſeveral Ex- 
periments, that when the Cylinder is full of Air, 
77 it 
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it is emptied in a Space of Time, about 24 times 
leſs than when it is full of Water. | 
For Example, if Air goes out in 2 Seconds, Wa- 
ter will be 48 Seconds in going out ; whence you 
may conclude, that ejected Air producing the ſame 
Effect by its Impulſe, as a Jet-d eau of equal 
Breadth, muſt have a Velocity about 24 times 
greater than that of the Water. | 
Now the ſame Effect ought to happen, if AB 
C D be a Cylindrical Veſſel full of Water, and 
open at Top; for the Water that would ſpout out 
at the Aperture N, being ſtopp'd by another Water- 
Spout that meets it directly at the Point N, this 
Spout will ſuſtain one Part of the entire Body of 
Water in the Veſlel, namely, the Cylinder whoſe 
Baſe is the Aperture N, and the reſt of the Baſe 
will ſuſtain the reſt of the Water ; then this Spout 
being remov'd, the Water that will ſpout out thro? 
the Aperture N, will make an Equzi/brium by its 
Impulſe with a Weight, equal to the Weight of this 
little Cylinder, whoſe Baſe is the Aperture N, and 
whoſe Height is equal to A B, if the Cylinder 
AB CD be quite full. | | 


RULE III. 


Tet-d'eau's of equal Breadth iſſuing out at little 

ertures, made at the Bottom of ſeveral Tubes, full 
of Water, of different Heights, make an Equilibrium 
with Weights that are to each other in the Proportion 
of the Heights of thoſe Tubes. 


The EXPLANATION. 
Let A B (Fig. 45.) be a great Tube, and CD a leſs; 


and let their Apertures at the Points E and F _ 
I O 
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of equal Diameter; it has been ſhewn before, 
that Water ſpouting out at the E, will make 
an Equilibrium with a Weight, equal to the Weight 
of the Cylinder of Water E G; and that the 
Jet ſpouting out at F, will make an Equilibrium 
with a Weight equal to the Weight of the Cylinder 
of Water F H. Now theſe little Cylinders having 
by the Hypotheſis equal Baſes, will have their 
Wei hrs in the ſame Ratio as their Heights; whence 
It flows, that the Weights with which theſe Jets 
will make an Equilibrium, will be to each other as 
the Heights A B, C D; conſequently it is evident, 
that the firſt Velocity of a Jet at its going out 
ought to be ſuch, that the firſt Drop of Water that 
ſpouts out ſhould be diſpos d to rife as high as the 
upper Surface of the Water : For ſuppoſe Warer inthe 
large Cylinder A B CD, (Fg. 50.) to the Height A D, 
and a Cylinder of Ice, of the Breadth of the Aper- 
ture, reaching only from F to G, and ſuſpended 
from this Point directly over the Aperture F, and 
about half a Line diſtant from it; if you let the 
Water pafs at once, it will raiſe up the Cy- 
linder F G by its Impulſe, -becauſe it can make 
an Equilibrium with a Cylinder of the ſame Breadth, 
and the Height of F E. Therefore if the Water 
ſhould ſpout no higher than G from the Point F, it 
could not remain at that Elevation, becauſe the 
Force of the Water that follow'd, would puſh it 
higher, if it were ſolid as a Cylinder of Ice; whence 
one may conclude, that the firſt Drop would riſe as 
high as AE, were it not for the Reſiſtance of the 
Air, and ſome other Impediments ; beſides, the Wa- 
ter that goes out at F being carried upwards, to make 
an Equilibrium with the Water A D, the firſt Drop 
that rites ought to have Force enough to go as high 


as the upper Surface of the Water in the Reſervatory, 


abſtract 
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ahſtracting from the Reſiſtance of the Air, as was 
explain's in the firſt Diſcourſe ; where I ſhew'd, 
that in riſing to make the Equilibrium, it ſpoured 
even higher than the upper Surface of the Water, 
by the Velocity acquired by the great Motion given 
to the Tet, in order to raiſe it to the Height of the 
upper Surface of the Water. 

Having fill'd the Reſervatory A B C D with Wa- 
ter 16 Inches high above the Aperture of the Tet at 
F, and about a Line above the Brims of the Veſſels; 
(for, as I faid before, Water will flot run over till it 
be about a Line and a half or two Lines above the 
Brims of the Veſſel that contains it, eſpecially if 
they be rubbed over with a little Tallow) I put a 
Rule upon it, as O L, in an Horizontal Poſition, which 
was conſequently about a Line lower than the upper 
Surface of the Water. I obſerv'd, that upon letting 
the Water ſpout out a little obliquely thro* the 
Aperture F, and keeping the Veſſel AB CD all the 
Time full, a Line above the Baſe of the Rule; the 
jet went as high as the Rule, which I found by a 
little Water ſticking to it, which perhaps might 
have had Force enough to have riſen a quarter of 
a Line higher; but when the Water was only 
even with the Top of the Reſervatory, and did not 
riſe above the Brims, no Water ſtuck to the Rule, by 
reaſon of the Air's reſiſting the Force of the Jer. 
But if the Veſſel was two Foot high, the Jet did 
not go ſo high as the Rule by almoſt two Lines; but 
when the Reſervatory was lower, as 7 or 8 Inches 
high, and the Apertures 3 or 4 Lines in Diameter, 
the Jets roſe ſenfibly as high as the Suriace of the 
Water, becauſe the ſmall Space of Ait which they 
had to paſs thro' could not ſenſibly diminiſh their 


Force. 1 
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Now according. to Galileo s Doctrine, a Drop of 


Water giſen to a Height of 2 or 3 Foot, when in 
its Fall it is got to the ſame Point from which it be- 
gan to riſe, ought at that Point to recover the ſame 
Velocity with which it roſe ; whence it follows, that 
we may take it for a Rule or Law of Nature, that 
Water ſpouting from the Bottom of a Reſervatory, 
thro a little Aperture, has the ſame Velocity that a 
great Drop of Water acquires in falling from the 


upper Surface of the Water in that Reſervatory to 


the Aperture of the Ajutage, abſtracting from the 
Refiſtance of the Air. * 


The CONSEQUENCE. 


Hence it follows, that the Velocities of Water 
iſſuing from the Bottom of Reſervatories of unequal 
Heights, are to each other in a ſubduplicate Propor- 
tion of their Heights ; for fince the Velocity of each 
Jet ought to make them riſe to the Height of 
their Reſervatory ; and fince Galileo has demonſtra- 
ted that Bodies moving with different Velocities riſe 
to Heights which are to each other in a duplicate 
Proportion of thoſe Velocities, it follows that the 
Velocities are to each in a ſubduplicate Proportion of 


the Heights. TY; 
ne RU LE IV. 


7 Jet. d 'eau's of equa! Breadth, and unequal Velbci- 
Ties, ſuftain by their Impulſe Weights that are to each 
other in a duplicate Proportion of thoſe Velocities. 


The EXPLANATION, 


Since Water may be conſidered as made up of an 
infinite Number of ſmall imperceptible Particles, 
| It 
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it muſt hap „ that when theſe Particles move 


twice as faſt as they did, twice as many» of them 
impell at the ſame Time; and for this Reaſon, the 
Jet that moves twice as faſt as another, has twice as 
great an Effort, by the ſole Quantity of the impell- 
ing Particles; and becauſe it moves twice as faſt, 
it till has twice as great an Effort by its Motion, 
and conſequently the two Efforts together ought to 
produce a Quadruple Effect, and fo with reſpect to 
other Proportions. ee pos 
- -(Vid. Eg 45.) This Rule is further prov'd after 


this manner: A B is a Cylinder four times higher 


than the Cylinder CD; the Hole E is equal to 
the Hole F, and the two Cylinders full of Wa- 
ter: Now fince the Jet at E ought to ſuſtain a 
Weight equal to the Weight of the ſmall Cylinder 
of Water GE, and rhe Jet at F ought to ſuſtain a 
Weight equal to the Weight of the ſmall Cylinder 
HF; it follows, that the Weights rais'd will be as 
4 to 1; but by the Conſequence of the preceJing 
Rule, the Velocity of the Jet at F, is to that of the 
Jet at E in a ſubduplicate Proportion of the Height 
F H, to the Height E G, and conſequently it will be 
as 1 to 2. Then a double Velocity of a Jet of the 
ſame Breadth will ſuſtain a Weight four times as 
great, and ſo with reſpect to other Proportions; 
whence it follows, that a Jer of Air moving 24 
times as faſt as another, will ſuſtain a Weight 576 
times greater; 576 being the Square of 24; and 
becauſe a Fet.d eau moving 24 times lower, ſuſtains 
the fame Weight, we may conclude that Air is 576 
times rarer than Water, fince the Net- d eau moving 
with the ſame Velocity, ſuſtains a Weight 576 
Ants rente e e eee Did ood offy. 
The Force of the 


Air's Im pulſe may be known by 


an Experiment made by a 0 Fg. 51. 
4 | | 28 
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as well as by that of Eg. 48. relating to the Second 
Rule. (Lid. Eg. 51.) ABC D is a Cylindrical 
Veſſel of Tin well folder'd, open at C D, and turn'd 

Bottom upwards into another Cylinder, aSE FGH, 

inthe Baſe of which there is fix'd a little Tube, well 

ſolder d. as L 1, that goes into the inverted Cylin- 
der, paſſing a little above the Water NK, that is in 
the Cylinder E H. The upper Baſe A B is preſs d 

by ſeveral different Weights ſucceſhvely, to make 

the Cylinder deſcend. and at the fame time to drive 

out the Air with Violence thro'the Tube IL; to the 

Bottom of which a Balance is apply d, like that de- 
Icrib d Eg. 49. and upon one of the Ends of 1: dit- 
ferent Weights are laid, to try the Force of this Air s 

Impulſe. The Experiments will appear to agree 
with the Demonſtration above- mention d; for Exam- 

ple, if with a Pair of Bellows you blow Air enough 
into the Tube LI, to hinder the Weight M and the 

Cylinder A D from deſcending ; then the Air ſo 

blown, in, will have the ſame Effect, as if you ſtopt 
the Point L with your Thumb, to hinder the Air 

from going out; and as in this Caſe, your Thumb 
would bear its Part of the Weight M, join'd tothe 

Cylinder A D, and the reſt would be ſuſtain d by 
the reſt of the Baſe G H; and this Part would be 

to the whole Weight ſuſtain'd in the Proportion of 
the Baſe G H, andthe Height of C D to the Aperture 
Lz; ſo that if the whole Weight were a hundred 
Pound, and the Baſe G H 10 times greater than 
the Aperture L, the Air blown into the Tube would 
ſuſtain the hundredth Part of the whole Weight; 
then reciprocally if you ceaſe blowing, the A ir that 
ges out with the ſame Velocity that the Air from 

. — Bellows had, which before hinder d it - from 
gau aur will make an Eguilibrium with a Weight 
equal 10 that hundredth P i em er . 
21 A Hence 
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Hence it follows, that if two Cylinders full of Air 
of the ſame Height, having unequal Baſes, are preſs'd 
by equal Weights, diſpos'd as theCylinder ABCD; 


and having equal Holes or Apertures thro* which 


the Air is to paſs, the Weights which the Air ruſh- 
ing out will raiſe, will be to each other in a reciprocal 
Proportion of their Baſes; for ler each of the two 
Cylinders AB CD, a bed, be put into another 
Cylinder full of Water, as was explain'd in the fore- 
going Figure; and let the two Weights M and m, 
plac d upon theſe unequal Cylinders, be equal, and 
the Weights rais'd be P and p, namely, P by M, 
and p by m; foraſmuch as the Baſe G H is to 
the — L, as the Weight M to the Weight 
P, rais'd by the Air going out at L; and as the 
Aperture /, equal to L, is to the Baſe þ g, as the 
Weight p, rais'd by the Air going out at /, to the 
Weight M or m; the Proportion being found to be 

ual, the Baſe G H will be to the Baſe bg, as the 
Weight p to the Weight P. But if the Weights 
preſſing upon the Cylinders be proportionable to their 
Baſes, they will raiſe equal Weights by the Impulſe 
of the Air, which they will force out at equal Aper- 


tures; as if the Baſe GH be 24, and the Baſe g h 


12, and the Weight M be 12 Pound, and the 
Weight # 6; the Aperture L being 4, and / the ſame, 


the Weights P and p will be each 2 Pound, which 


may very eaſily be prov W. 
The Conſequence of the Firſt DEMO NST R ATION. 


It follows, that the Time of the Air's going out 
of the great Cylinder, will be to the Time of the 
Air's going out of the little Cylinder, when they 
are preſs d by equal Weights in a Compound Ratio 
of that of the Baſe G _ to that of the Baſe g * 
| 2 an 
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and of the Subduplicate of the ſame Baſe G H, to 


the ſame Baſe g h; for if the Velocities were equal, 


the Times would be as the Baſes: But the Weights 


raisd, being in a reciprocal Proportion of the Baſes: 
and the Velocities, by the Third Rule, being ina 


ſubduplicate Proportion of the Weights rais d, the 


Velocities will be reciprocally in a ſubduplicate Pro- 


portion of rhe Baſes ; that is to ſay, that the Velocity 


thro' J, will be to the Velocity thro” L, in a ſub- 
duplicate Proportion of the Baſe G H, to the Baſe 


g b, and conſequently the Time of the Air's going 
our of the great Cylinder, will be to the Time of 
the Air's going out of the little Cylinder, in the 
( und Ratio of that of the Baſe G H, to the Baſe 
g b, and of the ſubduplicate of the ſame Baſes one 
10 the other ; which is found true by Experiment : 
For a Cylinder whoſe Baſe is 8 Inches 7 Lines in 
Diameter, and another whoſe Baſe is 5 Inches 6 


Lines, being each preſs d by a Weight of 44 Ounces, 


the great one will be empried in 47 halt Seconds, 


and the little one in 12. Now the Baſes G H and 


g hare to each other, as the Squares of their Dia- 
meters GH and g h; and 74 Inches, which is pretty 
near the Square of G H, whoſe Diameter is as 8 
Inches 7 Lines is to 30, (which is pretty near the 
Square of g b, whoſe Diameter is 5 Inches 6 Lines,) 


as 47 to 19 pretty near; and as 74 is to 47 the Mean 


Proportional betwixt 74 and 30, ſo is 19 to 12 

whence it appears, hat 47 is to 12 in the Compoun: 
Ratio of that of thEBaſe G H, to that of the Bale g h, 
and of the ſubduplicate Proportion of the ſaid Baſe 
GH, to the fajd Baſeg )) 
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Holes, ſuſtain by their Impulſe Weights that are 
to each other in a duplicate Ratio of the Dianitters 
of I heir Hole 4. | 


Let two Surfaces A B, and C D, have two Holes 
at Eand F (Jig. 52) and let the two 7er-d eau EN, 
3 M, paſs. thro' theſe Holes; it is evident, that the 

urface of the Hole E is to the Surface of the 
Hole E, in a duplicate Proportion of the Dia- 
meter G H, to the Diameter K L; and the Veloci- 
ties being ſuppos d equal, if the Diameter G H be 
twice as great as the Diameter K L, there will be 
four times as many ſmall Particles of Water to im- 
pell in the Baſe G H, as in the Baſe K L; they will 

oduce then a quadruple Effect, and if the Sur- 

es of the Jets are reciprocal to the Heights of the 
Reſervatories, they will make an Eguilibrium with 
equal Weights | » * 5 

To eſtimate the Force of running Water ſtriking 
againſt the Paddles or Floats of a Water-Mill, or 
any other Machine, you muſt know its Velocity, 
and compare it with that of Water ſpouting from 
the Bottom of a Reſervatory, It is neceſſary like- 
wiſe to know the Specific Gravity of Water, with 
reſpect to other Bodies; concerning which 1 made 
the following Obſervations. | | 


-* 4 * 


I caus d a Cubic Veſſel of Copper to be made, 
one of whoſe Sides was 6 Inches, and eontequently 
its Contents the Sth Part of a Cubic Foot. I put it 
into one: of the Scales of a Balance, and a Weight 
equal to it in the other; aſterwards I fill d it very 
carefully with Water, thro' a little Hole made to- 
wards an Angle in the upper Plate. I found by teve- 
ral Trials, that this Water weigh d 8 Pounds 2, and 
conſequently that a Cubic Foot of Water ought to 
weigh 70 Pounds. The Paris Muid or Bartel; contains 
Wa K 3 8 Cubie 
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8 Cubic Feet, and every Cubic Foot 36 Pints; when 


the Meaſure is ſo exact, that the Water does not 
Tiſe above the Brims ; but when it riſes as much 
above the Brims as it may without running over, it 
contains only 35 Pints; every one of theſe laſt 
mention'd Pints weighs 2 Pounds, and the other 
2 Pounds wanting 7 Drams. The Paris Barrel 


contains 288 of thoſe latter Pints, and 280 of the 


other ; thence you know that a Cylinder of Water 
a Foot in Height, and whoſe Baſe is a Foot in Dia- 
meter, weighs only 55 Pounds, becauſe the Propor- 
tion of a Circle to the Square that circumſcribes it, 
is, pretty near, as 11 to 14. Now as 14 is to 11, 
ſo are 70 Pounds to 55; whence you know that a 
Cylinder a Foot in Height, and an Inch in Baſe, 
weighs 6 Ounces and a Dram very near; for the 
144th Part of 55 Pounds, is 6 Ounces and 3, and a 
Dram is z; whereupon I made the following Ex- 
periments. 0 | 
Having faſten'd a little Boat to another very great 
one, that was unmoveable in the midſt of the Stream 
of a River where it was very rapid, we meaſur'd a 
Diſtance of 15 Foot lengthwiſe on the little Boat; 
we afterwards threw out a little Piece of Wood, or 
a Blade of Graſs 2 or 3 Foot from this little Boat, 
over- againſt the Place where the firft Mark of the 
15 Foot was; and by the Vibrations of a half Se- 
cond Pendulum, we counted how many half Seconds 


it was in paſſing from one Mark to the other; if it 


s = in 10 half Seconds, we concluded that in this 
lace the River went with the Velocity of 3 Foot 
in a Second. Afterwards we made uſe of an Axis 
with two Rulers acroſs it, in ſuch a manner that the 
Planes in which they were cut each other at right 
Angles. At the End of one of theſe Rulers we fix d 

2 little thin ſquare Board, 6 Inches broad, . 


. 
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dipp'd perpendicularly in the Stream, till the Wa- 
ter roſe 2 or 3 Inches above it; and at the fame 
Time, at the End of the other Rule that was in an 
horizontal Pofition, we put a Weight at the ſame 
Diſtance from the Axis as the middle of the Board, 
and increas'd or diminiſh'd it till it made an Equi- 
librium with the Impulſe of the Water againſt the 
Pallet, or little Board. We made ſeveral of theſe 
Experiments in that Part of the River where the 
Stream was moſt rapid, and in other Places where 
the Water did not go fo faſt ; and we always found 
pretty near_the ſame Proportions correſpondent to 
the Force of Water iſſuing from the Bottom of a 
Tube 12 Foot high : This is the way to make the 


Calculation. | 
Having found that the moſt rapid Water went 3 
1 in a Second, and that it then ſuſtain'd by its 
Impulſe againſt the Palet 3 Pounds £, we concluded 
that the Jer from the Bottom of a Reſervatory 12 
Foot in Height, goes our with the Velocity of 24- 
Foot in a Second, according to Ga/ileo's Doctrine, 
before explain d. This Velocity is then about 7 
times; greater than that of the River. The Square 
of 74 is 562, and conſequently if this Jet be of 
the ſame Breadth as the Pallet, it ought to ſuſtain a 
Weight about 56 times greater. Now 12 Cubic 
Feer of Water weigh 840 Pounds, the Quarter of 
which is 210 Pounds ; which 'we take, becauſe the 
Pallet is but half a Foot; and a Column of Water 
whoſe Baſe is but half a Foot ſquare, and 12 Foot 
high, weighs 210 Pounds; and if yon divide 210 
by 56, rhe Quotient will be about 3 Pounds 3, the 
Weight found by the Experiment. gf 
1 1 found in like manner the Force of running Wa- 
ter in ſeverał other Places of the River, and even in 


the Aqueduct of "drcieil. I made an Experiment * 


K 4 
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the Side of the River where the Water moved a Foot 
and a quarter in a Second, and it made an Eguilibrium 
with a Weight of 9 Ounces; to compare it with 
the Velocity of 3 Foot ;, you muſt take the Square 
of 1 &, which is 15, contain d about 6 times 4 in 
the Square of 3 J, which is 10 12; for the Product 
of 6˙ by i is 9 and 2, which is a little more than 
60 Qunces, which make 3 Pounds 2. | 
The Wheels of the Mills that are upon Seine at 
Paris, betwixt Pont-Neuf, and Pant au- Chunge, have at 
their Circumference but half the Velocity of the run- 
ning Water that ſtrikes againſt them; which comes to 
the ſame thing, as when a Weight in Motion meets 
with another equal to it ſelf, that is at reſt and 
ſticks to it; for being join d together immediately 
after their Congreſs, they go forwards with onl) 
half the Velocity of the impelling Weight; and ic 
ou may ſuppoſe, that the Reſiſtance from the 
Friction of the Axis of the Wheel, and that of the Mill, 
and the Grain that it grinds, join d to the Weight of 
the Mill and its Floats, is pretty near as great as 
the Reſiſtance of a Weight equal to that of the im- 
pelling Water; and conſequently they ought to re- 
Baur near one half of the Velocity of the Water 
that ſtrikes againſt them: The ſame Proportion is 
obſery d in the Wheel of the Pump of the Samaritain. 
Lou muſt confider, that the Water of a River 
does not go equally faſt at its Surface, and in 
its other Parts; for the Water near the Bottom is 
very much retarded by meeting with Stones, Weeds, 
and other Inequalities (6 IG © tg 
I made the following Exp@iments of theſe dif- 
ferent Velocities. 1 4 
I put two Balls of Wax, faſten'd to a Thread of 
à Foot long, into a little River whoſe Motion was 
uniform; the one was loaded with little Stones 
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within, to make its Specifick Gravity a little 
eater than that of Water; ſo. that when the two 
Balls were in the Water, the heavieſt ſtretch d the 
Thread, and made the lighteſt fink lower than it 
would have .done, had alone; and by this 
means its upper Part was almoſt upon a Level with 
the Surface of the Water, ſo that the Wind could 
have no Power oyer it. I always obſerv'd, that the 
loweſt Ball ſtay'd behind, eſpecially in the Places 
| Where there were ſome Weeds at the Bottom of the 
Water near which the lower Ball paſsd; for this 
River was but about 3 Foot deep: But when theſe 
ſame Balls were put in a Place, where the Water 
meeting with ſome Obſtacle; roſe a little, and af- 
terwards took a more rapid Courſe, as is obſerva- 
ble under Bridges, the lower Ball outwent the up- 
per; which ſhew'd, that the Water in the middle 
then went faſter than that of the Surface; which 
proceeds from this Cauſe, the Water rifing a little 
higher by reaſon of the Obſtacle, 1 7 a greater 
Velocity, by running down a ſteeper Declivity; and 
this violent Motion cauſes 19 plunge, and go be- 
low that of the Surface; as if AB C D be the 
Courſe of the upper Water, and by an Obſtacle to- 
wards B, (Fg. 53 Ve riſes to the pricked Line E F, 
it will run taſter along the ſteep Declivity EF C; 
and by the Velocity which it will have acquir d at 
C, it will continue its Direction below cb. as to 
GH; and conſequently it will, go ſwifter at & and 
H, than at I and D; and thence it happens, that in 
moderate Rivers there are always great Cavities a 
little below Bridges. You ſee, a Proof of it in all 
the Bridges of the Cauleway of Nagent upon, t 
Seine; for the Water which riſe, by meeting the 
Piles of a Bridge, acquires à greater Velocity, and 
paſſes on with Violence below that above it, 5 
ane on nn On Oe CR 
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Bottom, where it carries away the Sand, and draws 
it along ro a Place a little below the Bridge, and 
colletts it together in an Heap; but when the Wa- 
ter is in its Bed, and its ordinary and moderate 
Courſe, the upper Parr of it ought to go ſwifter 
than that which is a Foot below it: For let AB 
(Fig. 54.) be an horizontal Line, and CB the De- 
clivity of the Bottom of the River, D E the Water 
half 2 Foot Diſtance from the 1er Part F G, both 
parallel to C B. Now becauſe Water is viſcous, and 


its contiguous Parts are a little faſten d together, the 


Water D E will carry along that which is imme- 
diately above, with almoſt the ſame Velocity which 
it has it ſelf; and afterwards that which is at F G, 
which moving likewiſe of it ſelf, by reaſon of its 


Inclination, goes a little faſter than the Water D E; 


"which may be better comprehended, if you ſuppoſe 
F tobe a Board ſwimming upon the Water, whoſe 


upper Part is in an Inclination parallel to C B, ha- 
ving a very round Ball upon it; for this Board be- 
ing carried along by the Water, would catry the Ball 
along with it, which would of ir {elf roll the 
Length of the Board to G, and conſequently its Ve- 
locity would be greater than that of the Board. 
I have farther often obſerv d Weeds carried along by 


the Water; and I plainly ſaw, that thoſe within the 


Water, neareſt the Bottom, being advanc'd farther 
than thoſe near the Surface, were ſoon overtak 


and left behind by rhe upper ones; and if I 


into the fame Stream a Handful of great Sawings of 


heavy Wood, that went ſome ſooner than others to the 
Bottom, I always found that "thoſe nearer to the 
Top, went before the others in a proportional Order, 
-as they were more or leſs diſtant from the Bottom. 


From which Experiments it appears, chat in Rivers 


"that run freely, the upper Part of the Water goes 


faſter 
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faſter than that in the Middle, and the Middle fiſter 
than thar towards the Bottom ; and' in thoſe thar 


are conſtrain d to paſs in a narrow Channel, being 


kept in on both Sides, the Middle goes ſwifter 
than. the Surface, if there be but 2 or 3 Foot depth 
of Water. : 


Here follows is the manner of calculating the Force 


of the Mill-W heels upon the Seine. 

I ſuppoſe that there are two Wheels to one Axis; 
that they are 5 Foot in Semi-diameter ; and that the 
Boards call'd Ladies, Floats,or Pallets, are 2 Foot high 
in the Water, and 5 Foot long: I ſuppoſe likewiſe 
that the Velocity of the Water that, ſtrikes againſt 
the Floats, is 4 Foot in a Second, which is com- 
mon enough; for it riſes a little upon meeting with 
the Boat that carries the Mill, and conſequently over- 
againſt the Middle of the Boat it goes faſter than if 
it had not been ſtopt. Nowa Jet half a Foot ſquare, 
ſpouting from a Reſervatory, wherein the Water 
continues 12 Foot higher than the ſaid Jet, can 
ſuſtain 210 Pounds; its Velocity, which is 24 Foot 
in a Second, is 6 times greater than that which im- 

xells the Wheels of a Mill; then this Water that 
Hirikes againſt a Float of half a Foot, ought to 
ſuſtain but the 36th Part of 210 Pounds, accordin 
to the firſt Rule; it will ſuſtain then 5 Pounds rs 
5. The ſquare Foot will ſuſtain the 4th Part, name- 
ly, 23 Pound 3; and becauſe the Floats of a Wheel 
have 10 Foot in Superficies. they will ſupport 233 
Pounds 3, the other Wheel will have the ſame Force; 
then the Two will ſuſtain 466 Pounds 3, plac'd on an 
Horizontal Ruler at the fame Diſtance from the Axis 
as the Middle of the Pallettes, namely, at 4 Foot 
Diſtance. „ Ry. 5 
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The Force of the Wind's Impulſe againſt the Sails 
of a Windmill, may be found after the following 
© Take a cylindrick Machine with Rulers, like that 
mention'd-. in the foregoing Experiments; AB 
(Eg. 55.) repreſents its Axis; GH is an horizon; 
tal Ruler that goes thro che. Axis of the Cylinder 
at right Angles ; I L is another Ruler plac'd per- 
ra rang. upon G H; again, MNO P. is a per- 
n 


dicular Ruler, plac d obliquely in an Angle of 
45 Degrees in reſpect of the Ruler G R: Now if 


you ſuppoſe a Jer of Water to ſtrike directly upon 
the Ruler I L, at the Point Q, ſo as to turn the Cy- 
linder according to the Order of the Letters à ö c d, 
it will act with all its Force to ſuſtain the Weight 
R; but if another Jet equal to it ſtrikes the Ruler 
MO directly at the Point 8, which you ſuppoſe as 
far diſtant from the Axis as the Point Q, it cannot 
ſuſtain the Weight R, becauſe its Direction will not 


be parallel to the Direction of the Extremity of 


the Ruler 1 I., and it can only ſuſtain a Weight that 
will be to the Weight R. as the Side of a Square 


to its Diagonal; and if the ſame Jer be parallel to 


the Axis A B, and ſtrikes at the ſame Point 8, you 


muſt ſtill diminiſh the Weight R in the ſame Pro- 


portion to make the Equilibrium, becauſe this Jet 


will ſtrike this Ruler obliquely in an Angle of 


45 Degrees, and then R will have but half its 
Weight; forif AB C D (Fg. 56.) be a Square, the 
firſt Ratio will be as that of A C to A B; and the 
{econd as that of A B to A E, the half of A C, as 


has been further explain d in the Treatiſe of Per- 


cuſſion, at the End of the 1 3th Propoſition of the 
Second Part. Now the Wind that impells the 
Sails of a Windmill, ſtrikes againſt them obliquely ; 
and if ir met every Sail in an Angle of 45 Degrees, 
2 | ng 
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no more of its Force would remain than in the 
Proportion of a Diagonal of a Square to its Side 
for that only Reaſon ; but if that Sail which is 
oblique to the Axis, were ſo in the fame Angle, this 
ſecond Cauſe would ſtill diminiſh the Foree of the 
Wind in the fame Proportion, as was faid before of 


the Jet. dean; and the total Diminution from theſe 


two Cauſes, would be of half the Force of this 
Wind, when it ſtrikes againſt this Ruler, as I L, 
diſpos d to move at the r to its 
Direction; ſo thar if its total Force was fo, it 
would be reduc'd to 40 by theſe two Cauſes. But 
becauſe the Sail, whoſe Obliquity is 45 Degrees, 
receives a leſs Breadth of the Wind, than when it. 
is directly oppos'd to it, it ſtill receives a Third 
Diminution in the fame Ratio of ACtoAB; and 


the total Diminution will be as A C to EF, ormeerly 


as 80 to 28 3. But if the Obliquity of the Sail be NO; 
and the Angle made by A B and N O be of 60 Degrees, 
(Fig. 55.) then the firſt Cauſe alone will diminiſh 
half the Force of the Wind, and reduce it from 80 
to 40, and the two others together, will reduce it 
from 40 to 31, pretty near; whence you may judge, 
that it is hetter that the Sails of a Winimill ould 
have this Obliquity, than that of 45. * 
To know the Force of Wind that ſhould blow 
direAly againſt the Sails of a Ship, you muſt know 
the Velocity of the Wind. You may find it by ler- 
ting a very light Down Feather be carried by the 
Wind from ſome fix d Place, and obſerving the Time 
that it takes up in running thro' a certain Space, as 
of 30 or 40 Foor. Now, ſuppoſing the Wind to go 
24 Foot in a Second, as it does in an ordinary high 
Wind that's much leſs violent than great Tempeſts 
and Hurricanes, it will go as faſt as a Jet that ſpouts 
from a Hole 12 Foot below the Surface of its Reſer- 


| 
i 
| 5 


this Weight be at the ſame Diſtance from the Axis 
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vatory ; and becauſe the Wind ought to go 24. 
times faſter than the Water, to produce the ſame 
Effect, it will perform no more than Water of an 
equal Breadth, that goes but one Foot in a Second; 
or than the Jet that goes 24, if the Breadth of the 
Wind be 24 times greater in Diameter, or 576 
times in Surface. Now a Jet half a Foot ſquare 
coming from aReſervatory 12 Foot high, can ſuſtain, 
as was ſaid before, a Weight equal to the Weight 
of a ſquare Column of Water, whoſe Baſe is half 
a Foot ſquare, and its Height 12 Foot; and ſince a 
6 Inch Cube of Water weighs 8 Pounds 2, if you dou- 
ble this Height, it will be 17 Pounds; for a ſquare Co- 
lumn a Foot long, and half a Foot broad ; and if it 
be 11 Foot long, 210 Pounds will be ſuſtain'd by a 


Jet half a Foot ſquare: That the Wind then mo- 


ving with this Velocity, may ſuſtain the ſame 
Weight of 210 Pounds, the Sail that it impells 
muſt be 24 times broader and longer than half a 
Foot; that is to ſay, it muſt be 12 Foot broad as 
well as long, or 6 Foot broad, and 24 Foot long; 
and . then the Wind that goes 24 Foot in a Second, 


will ſuſtain 210 Pounds, plac'd upon an horizon- 


tal Ruler, faſten'd to the ſame Axis as the ſquare 
Sail of 12 Foot, at the ſame Diſtance from the 
Axis as the Middle of the Length of the Sail, which 
ought to be in a perpendicular Situation; but if the 
Wind goes but 12 Foot in a Second, it will ſupport 
but 52 Pounds 3, the Quarter of 210 Pounds. * 
If you would make the Experiment in ſmall, 
you muſt make uſe of the Axis deſcrib'd, (Eg. 55.) 
and take a vail a .Foot broad, and a Foot long; 
whoſe Surface being a Foot, will ſupport but the 
114th Part of 52 Pounds , namely, 5 Ounces 5, if 


as 
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as the Middle. of this little Sail; but you muſt 
chuſe a Wind that goes 12 Foot in a Second. -- + 
This Way you may eaſily calculate the different 
Forces of Water and Wind by their Impulſe. 


To compare the Force of Windmills with that 


of the Mills upon the Seine above-mention'd, I 
ſuppoſe that each of the 4 Sails is 30 Foot long, 


and 6 Foot broad, which produce 180 Feet; if the 


Wind goes bur. 12 Foot in a Second, it ſuſtains 5 
Ounces , when it impells a Sail of a Foot Surface; 
if it impells one 180 Foot in Surface, it will ſuſtain 
almoſt 66 Pounds; but you -muſt take away. 5, 
by reaſon of the triple Obliquity of the Impulle, as 
was before prov'd. ; if the Obliquiry be of 30 De- 
grees, there will remain 29 Pounds, and the four 
Sails will ſuſtain 100 Pounds; but the Diſtance of 
the Axis from the Middle of the Whzel is 20 Foot, 
and that from the Middle of the Floats to their Axis 
is but 4 Foot: Then by this Cauſe the Windmills 
will augment their Force in a Quintuple Propor- 


tion; and if the Cog-W heel of each be 2 Foot in 
Diameter, the Force of the Windmill will be 10 


times 100, and that of the Watermills twice 466 
Pounds, when the Wind goes 12 Foot in a Second, 
and the Stream of the Water 4 Foot: You: may 
make the like Calculations for greater or leſs Velo- 
—4 of Waters and Winds, and for greater or leſs 
ails. ; | 47 
Some have undertaken to make horizontal Mills, 
to turn with every Wind, of which I have ſeen 
ids, bi e 
Thaſe of the firſt Kind, had their Sails concave 
and convex in an Angle of 45 Degrees, as yqu ſeg 
ja. g. 57.). AB is the Top of the. Concave, and 
£ D the Top of the Convex, the Wind blowing a- 
ainſt both, will not aft after the fame manner; for 
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it will ſlide on both Sides from the Ridge, or Rib 
CD along the Planes CL and CN, and will ac 
only in the Ratio of 8 to5 3; whereas when it 
meets the Concave, and cannot ſlide off, it will act 
with all its Force, as if there was a Cloth ſtretch d 
upon EQHU F, and fo it will act with all the Force 
|| of its Impulſe, which is 8; and there being Six ſuch 
14 | Sails, Three of them will always receive a little 
14 leſs than a Third more of the Impulſe than the 
Three others; which muſt neceſſarily make the 

[| Wheels turn but with very little Force, fo as to 
Fi turn only when the Mill is empty; or they muſt be 
5 immenſely great, and then they would not be able to 
ſuſtain their on Weight, and would be in danger of 
being carried away by an impetuous Wind: To 
bring them to Perfettion, the Angle E A Q muſt 
if 1 be of 30 Degrees, and then the Proportion of the 
it Force of the Wind in the Concave, in reſpect of the 
1 Convex, will be as 4 to 1, as was explain'd in the 
Rules of the Fall of Bodies, at the End of the 
Pt Treatiſe of Percuſſon, the Third Edition. More- 
1 over the Faces CN, CL, and B E, B Q., may be 
made moveable, that they may fold in a little in 
the Sail C D, and open in the other, which would 
ſtill increaſe the Proportion; each Pair of theſe 6 
Sails muſt likewiſe be put one over another, that 
they may receive the Wind the better, and theſe 
Mills may produce the ſame Effect pretty near as 
e ata nay 
The ſecond Kind had the Breadth of their Sails 
in a vertical Situation; but the Cloth that cover d 
ther was in moveable Frames, and on one fide lean d 
entirely upon the Ends of Beams of Wood that in- 
. them when the Wind blew againſt them, 
and thus they teceiv'd all the Force of it; but on the 
other” #ide,” turning upon an © Axis, and having 
| no 
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no Stop, they gave way to the Wind; and by this 
Means, ſome part of the Wind paſt thro' the 
Openings that were made, which occaſiond much leſs 
Force on that Side than the other, and the Wheel 
neceſſarily turn'd ; but it turn d very weakly, even 
when the Mill was empty. When the common 
Windmills turn'd with à moderate Wind, this did 
not turn at all, or very flowly, becauſe there was 
not a quarter more Force remaining on that Side 
where the entire Force of the Wind was apply'd, 
than on the other; which happen d for this Reaſon, 
That the Frames receiv'd as much of the Wind on 
one Side as on the other ; and the Side-frames that 
open'd, fell a little by their Weight, and ſo mec 
the Wind that ſuſtain d them, never riſing up to 
the horizontal Height ; but it open'd only half 
more or leſs; they were therefore uſeleſs for the 
moſt Part, and could only grind in violent 

Winds. 
The Third Way was to cover half the Number 
of the Sails by half a Cylindrical Circumference of 
Tin, or other light Subſtance, which was directed 
towards the Wind by a large Vane, at a great 
Diſtance from the Center of the Machine ; and by 
this Means, only three on one Side receiv'd the 
Impulſe of the Wind, without Obſtruftion from 
the three on the other Side ; bur this Machine 
could not be made in great, by reaſon of the pro- 
digious Bigneſs that muſt have been given to the 
Semi-Cylindrical Circumference, which would have 
indanger'd its being carried away by a Wind of 
ordinary Violence. 1 | 

I have ſeen likewiſe a Model of horizontal Wind- 
mills, made uſe of (as they ſay) in China; they are 
made like a Lantern, with ſeveral Sails that rurn 
upon Axes towards * of the Machine 

e | an 
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and the oppoſite Point towards the Top : Theſe 
Sails meet with Pegs in certain Situations, that ſtop 
them, ſo that they receive the Wind the moſt di- 
rectly that can be; and when they have made half a 
Turn by the Revolution of. the Machine, they turn 
and lye before the Wind like Weathercocks, and are 
ated; upon but very little, ſo as not to obſtrut 
thoſe on the other Side, which the Wind impells 
almoſt directly: In a word, there are none on the 
other Side but what receive the Wind very obliquely 
and by this Means, the Wind always acts almo 
twice as much on one Side, as on the other; which 
produces a ſufficient Effect in the whole Machine, 
whoſe Axis is placed in the Middle of the Mill-ſtone 
that is beneath ; wherefore it is not neceſſary to ap- 
ply Cogs and Rounds to this Kind of Mills as it is 
to others, by the Friction of which the Force is 
diminiſh d. i Ge bo 
By the ſame Method above-mention'd, you may 

calculate the Velocity of Wind neceſſary to over- 
throw Trees, or Pillars ſet up on End, without 
ſuſtaining any thing: Theſe are Examples of it. 
Let AB CD (Eg. 58.) be a Square of Wood, as 
thoſe of a Paper-Frame, a Foot in Breadth; let the 
Weight, together with the Paper paſted to it, be a 
Pound and a Quarter, or 20 Ounces, and the four little 
Pieces of Wood that make up the Square, be an 
Inch broad. Place it perpendicularly upon an hori- 
zontal Plane, and expoſe it directly to the Wind; 
then a Wind that goes 12 Foot in a Second, impell- 
ing it, will ſuſtain near 6 Ounces, as was before 
prov'd ; and hecauſe it is but 12 Lines thick, half 
its Thickneſs where its Center of Gravity. is, will 
be but 6 Lines; for the Weight of the Paper is not 
here conſider d; and becauſe the Diſtance from its 


Center of Gravity, to its Fulerum, or Center of 


Motion, 
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Motion, is 6 Inches, the Wind will act like a Lever; 
as 6 Inches to 6 Lines, or as 12 to 1; and E F be- 
ing the Axis of Motion, the Proportion of the Wind's 
Force againſt the Weight of the Square of 20 Oances, 
will be as 72 Ounces, the Product of 6 bv 12, to 20 
Ounces, therefore a leſs Force of Wind than this 


will make an Equilibrium; and if you take 6 Foot, 


in a Second, vou will have only a Quarter of 72 
Ounces, namely, 18 Ounces ; and if 36, the Square 
of 6, gives 18, 40 will give 20 Ounces, The ſquare 
Root of 40 is à little more than 6 4; a Wind then 
that goes 6 Foot; in a Second, is requifiite to over- 
turn this ſquare Frame; I have made the Experi- 
ment at the Top of the Obſervatory, and in The 
Samaritaine. | 3 

You may calculate in like manner, the Force 
that's neceſſary to break a Branch of a Tree half a 
Foot thick, 15 Foot the Length of the Body, and 
30 Foot in Boughs and Leaves, which make goo ſu- 
1 Feet for the Wind to impell. The abſolute 

eſiſtance of the Bottom of the Branch to be broken, 
taking it from Top to Bottom, will be 207360; 
for the abſolute Reſiſtance of a Stick of 3 Lines, 
has been found to be 360 Pounds. A B (Fig: 59.) is 
the Body of the Branch, D F E B the Compaſs of 
its Boughs and Leaves, and C the Center; the 
Diſtance A C is 30 Foot, the Proportion of 30 Foot 
to the Third of the Thickneſs towards A, which is 
but 2 Inches, is as 180 to 1; dividing 2072360 by 
180, the Quotient will be 1152: The Force then of 
1152 Pounds is neceſſaty to break the Branch at 
A; there ate-9goc fuperficial Feet in the Boughs 
and Leaves of the Tres, and becauſe 2. ſuperficial 
Feet, impell'd by a Wind that goes 12 Foot in aSe- 
cond, ſuftain * of a Pound, they will ſuſtain 450 
times; that is to ſay, 337 Pounds, pretty near, 
L 2 | which 
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which isa much leſs Number than 1152: Therefore 
as 337 is to 1152, ſo 144, the Square of 12, 
is to 492 , Whoſe ſquare Root is 22 4, pretty near; 
the Wind then muſt go 223 in a Second, to break 
ſuch a Branch of a Tree. 
The Impulſe. of the Wind againſt the Sails of a 
Ship to incline or overſet it, follows the ſame Rules, 
and thoſe of the Equilibrium; for if to the Ship ABC 
(Fg. 60.) whoſe Center of Gravity is in the Line DB, 
you fix a Weight at rhe Point C, it will incline, 
and the common Center of Gravity will be in the 
Line bD ; that which is in the Water will make 
an Equilibrium with it ſelf, and the Weight C, with 
the reſt of the Ship on the other Side, above the 
Water: Now the Sail D being impell'd, produces 
the ſame Effect as a great Weight, and their Efforts 
may be compared, as before, according to the 
Force of the Wind, and the Elevation of the Sail 
above the Ship; and if you make uſe of the Me- 
thod before explain'd, you may know what Velo- 
City the Wind muſt have to overſet a Ship, if you 
know the Weight of the Ship, and all that's in it, 
the Breadth of the Sails, and the Obliquity or Di- 
rection of the Impulſe, in comparing its Force with 
that of a Weight, as C; but you mult confider, 
that a Ship does not turn by the Wind, as if there 
were an Axis at the Point B, that turn'd upon two un- 
moveable Pivots or Centers, and that it is not overſet 
ſo eafily as it would then be; but likewiſe, that in roll- 
Ing it can take a Continuation of Motion ; which, 
join d to a great Impulſe by a ſudden Blaſt of Wind, 
may carry it much beyond the Eguilibrium, and 
overſet it. 5 
When you can only employ a certain Quantity of 
Water to ſome Impulſe, you may augment its Force 
in cauſing it to ſpout from a greater Height. 
| AB 
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AB (Hg. 61.) is the Top of a River kept in on 
both Sides; CD is an Opening of a Foot ſquare, 
thro' which the Water ought to iſſue forth, let E 
be the Middle of the Opening, and the Height 
B E, 3 Foot. 

It has already been demonſtrated, that the Im- 
pulſe of the Water will ſuſtain the Weight of a Bulk 

of Water whoſe Baſe is the Square of C D, and the 
Height E B of 3 Foot; this Weight then will be 
thrice 70 Pounds, or 210 Pounds. Let the Water 
then be ſo reſtrain'd,- that its Height may be 12 Foot 
to F, which is the Middle of the ſquare Openin 
G H, the jet thro' F will go twice as faſt as thro 
E. If then it be contriv'd, that as the Diagonal of 
a Square is to its Side, ſo CD may be to GH; 
the Surface of this Opening will be half that of 
CD, and the ſame Quantity of Water will paſs 
thro' in the ſame Time, becauſe it will go twice as 
faſt; and the Weight which it will ſuſtain by its 
Impulſe, will be equal to the Weight of the Bulk 
of Water whoſe Baſe will be the Square G H, and 
its Height that of F B: But this latter Bulk of 
Water having four times the Height of the former, 
and its Baſe only leſs by half, it will weigh twice 
as much; and the Jer thro G H will ſuftain a 

Weight double to that ſuſtain'd by the Jer CD; 
whence you ſee, that to turn a Mill that wants Wa- 
ter, and has but half the common Quantity, by gi- 
ving it a Depth four times greater, the ſame Water 
will turn it, and produce as great an Effect, as if 
there had been twice as much Water, 
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Concerning running and ſpouting Waters. 
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07 the Inches and Lines. o f Water by 
which the Meaſure of de and 
1 V aters 15 e 


H E Fountain; or by meaſure 
| the Quantity of Water that Springs give, by 
the Circular Incbes and Lines which are contained 
ſuperhically in the Area of the Holes which the 
Water fills in running gently thro” them; but they 
bave not determined what Quantity of Water thoſe 
Circular Inches and Eines give in a certain Time, 
nor what ought to be the Elevation of Water above 
;thoſe Holes, to ſupply their running with a full 
Bore; which yet is neceſſary, to know what an Inch 
of Water is; for if the Water ſtood at 6 Lines 
above a Circular Hole of an Inch, it would give a 
great deal more Water, than if it was but 1 Line 
above it: For as it has been demonſtrated before in 


the 4 Part, a greater Height of Water — 
IL #1 the 
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the Water-ſpouts go quicker, and the Expence of 
Water thro the ſame Paſſage is according to the 
Proportion of the Velocity it has in flowing out; 
which is proy'd in the following manner. 

AB (be. 62.) is a Veſſel full of Water, CE D B is 

one of the Sides of the Veſſel wherein there is an 
Opening at I; GH is a Cylinder of Wood, or Ice, 
. paſſes thro that Hole with an uniform Swift- 
n * 
But if it be ſuppoſed, that in a Second it ad- 
vances the Space GH, it is evident, that in the 
fare time it will paſs entirely and exactly thro' the 
Opening I 5 if it begins to enter at the End H, and 
that if ir goes twice as flow, it muſt take up two 
Seconds to paſs thorough entirely; and conſequently 
there will paſs but half in a Second, and the fime 
as to any other Proportions. *', ; 

The fame Conſequence . may be deduced as to 
Water-ſpouts, vis. That there will paſs twice as 
much Water in rhe ſame Time thro the Opening J, 
when it runs twice as faſt ; and that if ina Minute 
it gives 10 Pints in paſſing thro” that Opening with 
2 certain SwiftneſS, it will give 3o in the fame 
Im. TR Es tice Rc 2 
This being ſuppoſed, it is evident, that if there 
be two Openings round and equal in 4 Reſervatory; 
one a Foot below the upper Surface of the Water, 
and the other 4 Foot, there will iſſue out of the 
latter twice as much Water in the ſame Time, ſince 
it hath been proved, that Water will iſſue out ot 
the latter twice as faſt as the former. 

From this it appears, that to determine the Quan- 
tity of Water which muft paſs thro” an Opening ct 
an Inch, fituated perpendicularty, it muſt, neceſſiriy 
be determined how much higher the Surface of the 
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Water that ſupplies the running muſt be above the 


circular Inch. 
Here follow ſome Experiments that have been 


made to determine that Height, and the Quantity 


of Water that iſſues out in a certain Time. 
FIRST EXPERIMENT. 
We made uſe of a Veſſel of Tin MB, (Fig. 63.) 


of 2 Foot long, and 10 Inches wide, with a ſquare Hole 


at C, about 16 Lines broad, whereto was applied a 
little Copper Plate, bored very exactly with a circu- 
lar Hole of about an Inch Diameter; the. Veſſel 
being ſituated ſo, that the Inch Hole was vertical, it 
was filled with Water above the Opening, ſhutting 
it with the Hand, and letting Water run from a 
Barrel F G, which was very near it, .in ſuch Quan- 
tity, that paſſing thro' the circular Opening C, the 
upper Surface of the Water in the Veſſel remained 
always about a Line above the Opening. 

To make this Experiment very exactly, there 


was made a Hole or Paſſage in one Side of the Veſſel, 


asat L, a little higher than the circular Opening C, 


to ſerve for a Diſcharge of the ſuperfluous Water, 


whoſe Height was diminiſh'd at Pleaſure, by means of 
a little Plate of Tin, which was apply'd with a very 
ſticking Cement of Wax and Turpentine. There was 
alſo applied another thin Plate of Tin, at one or two 
Inches Diftance on one Side the Opening C, and 
one Line wanting! above it: It was parallel to the 
Water in the Veſſel ; ſo that when the Water ex- 
tended it ſelf a little above it, as the Thickneſs of 
a quarter of a Line, we were certain that the upper 
Surface was near a Line higher than the Top of the 
Opening C, and without that Contrivance, it would 


prove very hard ta be aſſured of it; becauſe Water 
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commonly makes a little concave Elevation of about 
two Lines high along the Bodies it touches, when 
they are moiſten'd by it ; which hinders one from 
obſerving exactly the Height of the Surface of the 
Water, in reſpect of the Opening C. There was 
alſo in the Veſſel a croſs Piece of Plate to receive 
the Shock of the Water which fell from the Bar- 
rel into the Veſſel, that it might not cauſe 
Waves; and that croſs Piece reachd down till 
within 3 Inches from the Bottom of the Veſſel, and 
was pierced in ſeveral Places, that the Water might 
paſs thro freely. This being well diſpos'd, the 
Opening was ſhut with the Hand, or otherwiſe; 
and the Veſſel fill'd ſo high, that the Water was 3 
or 4 Lines above the little Plate M, and afterwards 
the Water was ſuftered to run at the ſame Time 
from the Barrel or Reſervatory, and thro the Open- 
ing; and if the Water of the Veſſel remained at 
the Height of 3 or 4 Lines, or if it mounted ſtill 
higher, the Diſcharger L was lower d a little, till 
there was but very little Water upon the little Plate 
M, as the Thickneſs of a quarter of a Line; and 
that it remain d ſenſibly in that Poſition for ſome 
time. Then there was placed on a ſudden the Veſ- 
ſel N, to receive the Water which iſſued out at the 
Opening C; and after having left it there preciſely 
30 Seconds, it was taken away ſuddenly, and the 
Quantity of Water that was in it meaſured. 
Io mark the Time of the flowing out, we 
made uſe of a Pendulum of very fine Thread, at 
the End of which hung a Leaden Ball of 8 Lines 
Diameter: The Length of the Thread from the 
Point of Suſpenſion to the Center of the Ball, was 
3 Foot 8 Lines. This Pendulum ſwung Seconds, 
> which was confirmed, by comparing it with a very 
exact Clock which mark d the Seconds. This Ex- 
periment 


4 
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periment was repeated ſeveral Times, and it was 
found that there ran in 60 Seconds thro' the Opening 
of an Inch, when the upper Surface of the Water 
In the Veſſel was 7 Lines higher than the Center of 
the Opening, about 13 Pints ; (Paris Meaſure) each 
Pint weighing 2 Pound wanting 7 Drachms. 
In the Countries ncar the Equator, the Pendulum 


ſhould be ſhorter, becauſe the Motion of the Sur- 


face of the Earth is greater there than in Fance. 


Mr. Richer and Mr. Varin have made Obſervations 


upon this; the firſt at Cayenne, where he found it 
ſhorter by x Line;; and the other in the Iſle of 
Gorey, near Cape Verd, where it muſt be only 3 Foot 
6 Lines; : This Effect is demonſtrated in the follow- 
ing manner. AB CD (Eig. 64.) repreſents a Meridian 
paſſing thro the Poles B C, and A E F is the Equi- 
noctial Line; GH MN is the Parallel of Paris: 
If you ſuppoſe the Motion of the Earth from Weſt 
to Eaſt, a Stone laid at the Point A, would fly off 
from the Earth in a Tangent; and becauſe the Point 
A would go as faſt, if the Attraction towards the 
Center K did not ſurmount that Motion, it would 
Ay off from the Earth in the Line A I ; but the At- 
traction or Tendency towards the Center hein; 

Rroneeft, the Stone does nor riſe ; but vickifale, 
ing it loſes ſome of its Tendency to move towards K. 
The ſame thing will happen to a Stone It the Point 
G; but its Tendency to move along the Tangent 
will be much weaker, becauſe the Point A moves 
much faſter than the Point T : Therefore it will leſs 


retard a Stone falling from G to K, the Center of 


the Earth; and even the oblique Situation of the l it- 
tle Circle G M, as to the Line GK, may alſo a little 
diminiſh the Hindrance towards the Center; for 
GL, an oblique Line to K G, being equal to G O, 
the Point L will be nearer K, than the Point O. * 

race 
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theſe two Cauſes the Stone being looſed at I, will 
deſcend more ſlowly towards A, than the Stone AL 
towards G: Therefore the Vibrations of the Pendu- 
lum will be more {low at A than G; and con- 
ſequently to make them Iſochronal, the String of 
the Pendulum muſt be ſhorter at A than G. 
It is evident, that the ſame Quantity of Water 
cannot be found in all the Experiments; and that 
there will be always ſome little Difference, for ſe- 
veral Cauſes, vis. That it is hard to begin to count 
the Seconds at the ſame Inſtant that the Water be- 
gins to run; that the Veſſel cannot be ſnatch d away 
preciſely at the End of the zoth Second; that the 
Hole out of which the Water iſſues is not perfectly 
perpendicular, or that it is not exactly an Inch, or 
that the String of the Pendulum may be lengthned 
or contracted while the Experiment is making; or, 
finally, becauſe the Height of the Water may be a 
little more or leſs in Height than a Line at the 
little Plate M; all which Things hinder a precife 
Exactneſs; but between the greateſt and the leaſt 
Quantity, the Meaſure was found to be 13 Pints & 
If you have a Mind to know what Quantity of Wa- 
ter leſſer circular Openings give, as of 4 or 6 Lines 
Diameter; you muſt place them ſo, that their Cen- 
ters be 7 Lines under the Surface of the Water 
in the Veſſel; for if the Top of each Opening 
was placed at a Line Diſtance from the Surface, 
they would give much lets Water than according to 
the Proportion of their Bigneſs; but if they are 
placed ſo, that the Center ot their Holes be at the 
lame Diſtance from the Surface of the Water, they 
will give Water very near accord ing to the Propor- 
tion? Here follow ſome Experiments that have been 
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EXPERIMENT IL 


The Water was made to run ſeveral times from 


the ſame Veſſel thro an Opening of 6 Lines, whoſe 


Center was always at the Diſtance of 7 Lines from 
the Surface of the Water during the running out; 
and there was found between the greateſt and the 
leaſt 15 — (Nwuartexns) or Quarters of 
a Pint, in a Minute, altho' the Surface of that 
Opening be not a quarter of a circular Inch ; and 
that according to that Proportion, there ought not 
to run out in a Minute but the o_ of 13 Pints 3, 
according to the Fourth Rule of the Equilibrium, by 
the Shock. This Difference is owing to ſeveral Cauſes. 
I. That altho the Water in the Veſſel ſtands at the 
Height of a Line above the Inch Hole, it does not 
remain near the Opening, but about the Third Part 
of a Line whilſt it is running out; which is eaſily 


known by the particular Reflexion of Light which 


is made in that Place where the Water is lower than 
in the reſt of the Veſſel ; and its being lower hap- 


pens, becauſe the Water which ſupplies the Place of 


that which runs out, muſt come from the neigh- 
bouring Parts, as it has been already explain'd ; and 
as there is not enough of it at Top near the Hole, 
it muſt needs almoſt all fink down to paſs, which 
diminiſhes ſome of the Force of the Preſſion of the 


Water, and retards the Swiftneſs of the flowing 
— 5 | | | 


2. That fince there comes but a little Water 
from the Top, there muſt in lieu of it come ſome 
from very far, to fupply the Place of that which 
runs out, which alſo retards the Swiftneſs ; bit the 
{ame thing does not happen to the Hole of 6 Lines, 


becauſe ſince that is to give but the Quarter of _ 
A742 the 
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the Inch Hole gives, and its Opening has the Height 
of 4 Lines of Water above it, there is no ſenfible 
ſinking ; and conſequently the Water is preſſed by 
theſe 4 Lines wholly ; beſides the Water which is to 
ſupply the Place of that which runs out, comes not 
ſo far, as when the Opening is of an Inch; and that 
the Top of the Water which is directly over the 
Inch Hole, may be 7 Lines higher than its Center, 
it muſt be near 8 Lines high in the other Parts of 
the Veſſel. 

There is alſo another Cauſe, which is, That the 
Swiftneſs of the flowing out being in a ſubduplicate 
Ratio of the Heights of the Water, as it has been 
already ſaid; if there be a Veſſel A B, (Hg. 65.) with 
an horizontal Hole made in it at the Bottom, as a be d, 
and another vertical one, as ef g b, equal to one 
another; and if the Water in the Veſſel be raisd 
preciſely to the Height e f, there ought not to run 
out at the vertical Hole but the ; of the Water 
which runs out at that at the Bottom of the Veſſel 
in the ſame Time, if the Water is kept conſtantly 
at the Height E f, which is thus proved. 

The Water which runs out at the Bottom of the 
vertical Hole e h, has its Swiftneſs to that which 
runs out at L I, in a ſubduplicate Ratio of the 
Height e g, to the Height e L, and the ſame as to 
all the horizontal Diviſions that may be made in 
the Square e f g b, at unequal Diſtances; from 
whence it follows, that if the Velocity of the Water 
of the firſt Diviſion towards the Top be 1, or R x. 
the ſecond will be R 2, the third R 3, Cc. which 
is in the ſame Proportion as the Ordinates of a 
Parabola. Let A CD then be a Parabola, whoſe. 
Baſe CD is alſo the Baſe of the Rectangle CDQP, 
and let the Axis A B be divided into ſeveral unequal 
Parts by the Lines E F, GH, IL, MN, Cc. parallel 
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to B D, theſe Lines ſhall be the Ordinater. But by the 
Property of this Figure, the Squares of the Ordinares 
are to one another, as the Ahſciſſæ, or Segments of 
the Axis that anſwer to them, A E, AG, Al, 
A M, Cc. and thoſe Ab/ciſſe are to one another, 
as the following Series, 1, 2, 3, 4, Cc. Therefore 
theſe Squares will be alſo to one another, as 
1, 2, 3, 4, Cc. and conſequently O EF, RG, 
SIL, T MN, will be to one another, as R. I, R. 2, 
R. 3, R. 4, Cc. But if you take all the Ordinates 
that may be drawn parallel to B D, (infinite in 
Number) for the Parabola; they will be to the infi- 
nite Lines that make up the Rectangle, as the 
Parabola is to the Rectangle; but the Triangle 
CAD, which is half the Rectangle PQ CD, is 
the: of the Parabola, as it hath been prov'd by A- 
chimedes ; if the Triangle be 3, the Rectangle will 
be 6, and the Parabola 4, which therefore is the 
3 of the Rectangle. | 

Thoſe that are not acquainted with the Properties 
of the Parabola, may, by Calculation, come very 
near this Truth, by taking the Series of theſe Ordi- 
aates in Numbers, and extracting their ſquare 
Roots by Decimals; as in the following Table, 
where the firſt Row marks the whole Numbers, the 
ſecond the Tenths, the third the Hundredths, c. 


Unite Tearb-Parts Hundredihs Thouſandihs 


. 
R. 
R. 
R. 
R. 
R. 
R. 
R. 


1. is 1. 
2. | 1. 8 4. | F 4. 
7. 3. 2. 
r 2. . 6. 
6. 2 4. 4. 9. : 
„„ 6. 4. 5 
. 3 2. 15 8. 
R. 9. 
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. | | 
R. 10. 8. I. 6. 2 
R. 11. 3. 3. 1. 6. | 
N. 3; 4. 6. 2. 
R. 1g. A 6. Wy J. 
R. 14. 3. 7. 4. — 
R. 3. . 7. 2. 
F535 | 

RI: 4 I. 2. 3. 
R. 18. 4. 2. 4. 2. 
R. 9. 4. 3. 328 8. 
R. 20. 4. 4. 7. 2. 
R. 21. 4. 5. 8. 2. 
R. 22. 4. 6. 9. 1. 
R. 23. 4. 7˙ 9. 2.5 
R. 24. 4. 8. 9. 9. 


But if you take the Sum but from the 12 firſt 
Numbers, tis a little greater than 29; and 12 times 
the 12th Number, viz. 3, 15, m3 1588, gives a Pro- 
duft a little greater than 41 5, and conſequently 
that Sum, which is the Parabola, is greater than 
the } of that Product, which is the Rectangle; but 
if you take that of the 24 Numbers, you will find 
2 little more than 79 for the Parabola; and the 
Product of the laſt 4, 8, &, 18, by 24, is a little 
more than 117, of which; are 78. And thus the 
Sum of theſe 24 Numbers differs from the; of this 
Product but about an Unit; and you come nearer to it, 
than when you take but the 12 firſt Numbers; and if 
you continue to increaſe the Table by a greater 

umber of Diviſions, the Difference of that Sum 
and the Product will continually diminith, and you 
ys ealily judge that it will at laſt come preciſely 


It 


— 
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It appears alſo, that if you take the 6 middle 
Numbers of the 12, they will exceed the Sum of the 


3 firſt and the 3 laſt ; and that the Sum of the 6 


firſt and the 6 laſt of the 24, will be leſs than the Sum 
of the 12 middle ones, which ought neceſſarily to 
wage ; and it is thus proved. 

he Sum of the Extremes of the Squares of the 
Numbers which are in arithmetical Progreſſion, is 
greater than the Sum of the Squares of the middle 


Numbers. As the Sum of Squares of 2 and of 8, which 


makes 68, is greater than 5 2, the Sum of the Squares 
of 4 and of 6; and the Overplus, is 16, produced by 
the Square of the Difterence, multiplied into the 
Number of the Terms of the Progreſſion. Since 
then the Squares of the Ordinates of the Parabola 
are in an arithmetical Progreſſion, and that the Sum 
of the Extremes are equal to the Sum of the middle 


Numbers, it follows that their Roots are not in an 


arithmetrical Progreſſion ; and that the firſt and the 


ft added together, give a Sum leſs than the Addi- 


tion of the middle Numbers; for if they were equal, 
the Sum of the Squares of the Extremes would be 

teſt ; and becauſe the E of running Wa- 
ter follows the Velocities, it follows, that if there 
be 8 Diviſions in the Square A BCD, (Eg. 76) the 
4 middle ones, which make the ReQtangle E F GH, 


will give more Water than the 4 Extremes which 
are the 2 Rectangles AH, FD; and LMNO, 


which is half that e, and a quarter of the 
great Square, will give more than the quarter of all 
the Water that is given by the great Square. 

It happens then for this Reaſon, and on-account 


of the Difficulty of the running, that a Hole of 6 


Lines ſquare, having Water 4 Lines above. ir, gives 


more than the quarter of the Water which is given 


by a ſquare Inch, which has but the Weight ons 
| ine 
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Eine of Water above it near the Hole. It is ttue 
that there is a little leſs Friction in Proportion, a- 
inſt the Sides of the great Hole, than againſt the 
ides of the little one, Which gives a little Advan- 
tage to the great one; but the other Cauſes being 
more confiderable, thefe always runs out more 
Water in Proportion thro? the leſſer Holes, till you 
come to two Lines in Diameter, than thro' the 
greateſt; which 1 found agreeable to Experiments. 
The fame thing ought nearly to happen, and for 
the ſame Reaſons to circular Holes; that is to ſay, 
if in the great Circle A BCD (Fg. 68.) you take 
the little inward concentrick one E F, whoſe Dia- 
meter EF is equal to half of A C, and conſe- 
uently the Surface equal to a quarter of the Sur- 
ce of the great Circle, there will run thro” that 
Opening a little more than a quarter of that which 
will run thro* the whole Opening AB CD; which 
was found to be agreeable to all Experiments in 
little Elevations of Water above the Hole, the 
great Circle having nearly always given 13 Pints in 
a Minute, and the little one always 15 Quarterns, 
as it has been already ſaid. NY 
If it happens again, that if the little Opening 
thro* which the Water runs, is placed horizontally 
at the Bottom of the Veſſel, ſo that the Water runs 
a rn from the Top to the Bottom, there 
will run out more in the ame Time, than if in 
another Veſſel rhe. Hole was vertical, and tlie jet 
or Water ſpout horizontal; although the Surface of 
the Water was as much above the Center of this 
laſt, as the Center of the other; which proceeds 
from this, That the Water coming down from 
Top to the Bottom, accelerates its Velocity, and 
the aecount of its Viſcouſneſs, it draws along 


with it me Parts that are 2 to it faſter, and 
even 


. 1 . __ Fu 
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even thoſe-which are near the Opening within the 
Reſervatory ; and there will {till iſſue out leſs from 
a like Hole, if it be; placed ſo as to make the Wa- 
ter ſpout up perpendicularly from the Bottom to 
the Top, as thro the Opening C, becauſe. the Wa- 
ter goes faſter at D than at E, fo that the lowelt 
Water is always a little retard. 
It has been found by ſeveral Experiments, that if 
there ran, out 15 Pints in a certain Time by a Water- 
ſpout, whoſe Hole was of 4 Lines in Diameter, 
is aha e Mee iſſued wag about 
14, when it was made to ſpout upwards perpen- 
diculatly, tho” each. Hole Log {ame Height of 
Water above it ; and this happens particularly in 
the moderate Heights, of, Reſervatories; for if they 
are of 20 or 30 Foot high, the Difference is much 
leſs ſenſible, becauſe the Water runs out ſo faſt from 
Top to Bottom in the Beginning that it does not make 
any confiderable Acceleration in the Water of the Jet, 
which is beneath the Hole; becauſe a Dropoi Water in 
falling acquires very little more Velocity, than that 
of the Water which runs out thro a Hole, when 


rhe Surface of the Water of the Reſervatory is 30 


Foot above, as has. been explain d at the End of the 
Third Edition of the Treatiſe concerning the Shock 


of Bodies, OT Percuſſon. . ＋ 


that it is hard to determine what is an Inch of Wa- 
ter; and becauſe the Expences of Jets are commonly 
made by great Heights of Reſervatories, and by mo- 
derate Holes. for Ajutage, we ought therefore ra- 
ther to make an Eſtimate by Experiments of mode- 


rate Holes, as thoſe, of 6. or Lines, than by thoſe of 
an whole Inch. I have taken a Medium between 
theſe Different Experiments as well fox the Facility 
5 4 boi 918 ens s It . | 
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of calculating. as to have a certain Meaſre, and 
remove all Difficulties. ©! | 
I here call an Inch of Water. the Wiket which 
w—+ for the Space of 4 Minute, gives 14 Pints 
Paris Meafure, thoſe vrhich are a little above the 
Brim, and which weigh 2 Pounds each. An Lich 
Hole will giye chisQnantity, if the Water is a Line 
above tlie Hole; but it muſt be 2 Lines higher 
in the reſt of the Vefſet, that It may he preciſe- 
ly z Line higher above the Hole. As for the Holes 
of 7 1 and and under, it will ſuffice cttat Water in 
gr Mas he 7 Lines above their Centers: 


eaſure, thus deretmin'd, is very affiil fot 
n, becauſe in the Spee o of at Hr, an 
Ft will give 3 Paris Mid, or Barrels, and in 24 
Hours, 72 Barrels. Thoſe that ate not acquainted 
with the Paris Meaſures, and 'who know what 4 
Pound 8, may eaſily Take their (Alculations; 
wher&as if they took for the Inch 13 Pints and ; of 
thoſe which weigh 2 Pound wanting 7 Dratns, it 
would give but 66 Barrels and 53 in 24 Hours; and 
theſe Fractions would give a great deal of Trou ble, 
when we would defire to know the different Ex- 

nces of Water by different Ajutages, fix d to the 

ttom of different Heights of Reſervatories. To 
confirm this Rule, the following Experiment kath. 


been made. 
EXPERIMENT III. 


We took a Veſſel containing a Cubic Foot, divided 
in Inches; only the Top of it was two Lines above 
the laſt Diviſion. Water was made to run into it by 
the Means of a Veſſel in which was a circular Hole of 
an Inch, às has been before deſcrib d in Fig. 63. The 


little Plate M was 2 Lines 3 higher than the Top of 
N che 
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the Hole, ſo that cloſe to the Top of the Hole, the 
Surface of the Water remained higher by a Line, 

when it was two Lines higher in the — of the 

Veſſel. This Cubic Foot was fill'd to the Top of | 
the 12th Inch with Water, which ran into it in the | 
Space of two Minutes and a half; from. whence 
it follows, that the circular Holes ſo diſpoſed, gave 
14 Pints, or 28 Pound of Water in a y Kaaa X 
it gave 35 Pints in two Minutes and a half. 
It may by theſe Means be eaſily known how many 
Inches of Water a moderate Spring, or a running 

Rivulet gives; for you need only receive the Water 
in any Veſſel that may be meaſur d, and that con- 
tains Water, by counting what Number of Minutes 
or Seconds ef For Example, if you have 
received in a Veſſel 7 Pints in 30 Seconds, you may 
call that an Inch of Water; or fay, that ſuch a 
Spring or Reſervatory gives an Inch. of Vater : If it 
gives 21 Pints in the fame Time, you may ſay that 
i gives 3 Inches, and ſo in other Proportions. | 
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Of the Meaſure of ſpouting WW, aters, ace 
cording to the different Heights of the 
Reſe ervatories. 


T hath been proved, that the Quantities of Wa- 

ter which iſſue out at equal Holes made below 

the Surface of the Water in Reſervatories of diffe- 

rent Heights, are to one another in a ſubduplicate 

Ratio of the Heights; but to confirm this Rule by 

Experiments, I have made ſeveral with great Exact- 
neſs; of which here follow the chief 


EXPERIMENT I. 


A Hole of 6 Lines, whoſe Center was 39 ines 
below the Surface of the Water in the Veſſel, gave 
in a Minute 8 Pints 5 of ſuch Pints as weigh but 2 
Pound wanting 7 Drams; The Water ran horizon- 
tally, as in the above-mention'd Experiment, where 
the ſame Hole had irs Center 7 Lines below the Wa- 
ter in the Veſſel, and gave 15 Quarterns in a Minute. 
To compare theſe two Experiments according to the 
Rule, you muſt take a Numberwwhich is a Mean Pro- 
portional between 7 and 39, which is nearly 16 3, and 
to the three Numbers 7, 16 5, and 15, find the ath 


M 3 Propor- 


n 


ä * * 


166 4; Treatiſe, ß )1 


l which is nearly 35 1; 35 Quarterns; 
make 8 Pints? 5, and conſequently theſe Expences of 
Water have been in a. 1 7 85 ny. 
Heights of the Reſervacories, SY : 


EXPERIMENT I. 


A Pipe having its Height of 16 Inches, gave thro? 
a Hole of ſomething leſs than three Lines, made at 
the Bottom, thro' which the Water ran perpendicu- 
larly, o Pints and a half and abour-twoSpoonfuls 
in 30 Seconds, always k ing the Water the Height 
of 16 Inches. We put alfo at the Bottom of ano- 
ther Pipe the ſame Plate, in which was the Hole of 
3 Lines: This ſecond Pipe had its Height of Water 
at 6 Inches, which: is WN as high as the firſt of 
16 Inches, and con ſequentl Spoon it © 92 give the 
double of 2 Pints 3 and 2 „always keep- 
ing the Water at the ed of a 64, inches, which 
hath been proved by Experiments; for there ran 
out of the Pipe 5 Pints and about 4 gr 75 pls 


of Water in the ſame, Time, viz. 
This Experiment was made with great 1 55 


and repeated 3 times. We alſo; made ſome for 
Waters that ſpout up to the Height of 5 or 6 Feet, 
and we always found the — ſubduplicate Ratio 
of the fights of the Reſervatories. 55 9 Fara 
ako the following Rule for a Teagh.'c | 


4. f U L E fo Mali Lendl Kae, 


The Expences of Jets of Water 9 re ory 
at equal Holes, under different Eleyations of Reſer- 
vatories, are to one another in a ſubduplicate Ratio 
ef the Heights of the Surfaces of Water in the Re- 
ſervatories, To find ny Pf ulation. ar the 


=e 


* 
* f 
— 
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Quantities of Water that Reſervatories give, of 

what Height ſoever, I have choſen a moderate 

Height, to which one may eafily refer all others. 

This Height is 13 Feet; and I found by ſeveral 

very erat Experiments, that a round Hole, whoſe 

Diameter is 3 Lines, being 13 Foot below the up- 

per Surface of the Water in a large Pipe, gave an 

nch; that is to fay, there ran out of it during the 

Space of a Minute, 14 Pints Paris Meaſure, of thoſe 

which weigh two Pounds, 35. of which make a 
F r a hs 

The Experiments were made after this manner. 

The Pipe (Fig. 46.) was bent towards the Bottom, 

and had a Reſervatory at C, which held about 20 

Pints: The Hole of 3 Lines was at the Point G; 

its Diameter was ſuch, that the two Points of 3 

Pair of Compaſſes which were open d Juſt three 

Lines, enter d it preciſely, without leaning on the 

| Side, or leaving any Interval, D E F G was 

| 2 horizontal Line, in which was the Hole G; the 

| Diſtance between D and C was 13 Foot, which was 

| from the Surface of the Water in the Reſervatory 

to G; we meaſured 14 Pints in three Veſſels; and 

wwe agreed to pour it out fo, that the Water ſhould 

always remain at a Mark B, made in the Side of 

the Refervatory at the Height C; and when in pour- 

ing, the Water ſunk ſome Lines, we pou d fiſter 

till it pafsd the Mark by nearly as many Lines. 

We kept the Hole G ſhut with the Thumb, and 

put in Motion the Pendulum for Seconds: He that 

kept the Hole ſhut, began to open it at the Begin- 

ning of a Second, and counted the Seconds follow- 

ing, by ſaying, o, 1, 2, 3, c. Thoſe that pour d 

$5 ater, took care, that when we began to reckon, 

Water ſhould be preciſely at the Height of the 

Mark; and they left off pouring between o, and 

M4 as 
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the &oth Second. I made this Experiment after 

another Manner, to avoid the Doubt of the Inequali- 

ty of Water that was pour d in; we put 7 Pints 

in the Reſervatory from one Mark, as H, ſo as to 

fill it up to B; then 7 more from B to another, as 

L, at equal Diſtances from the Point B; we kept 

the Hole ſhut till we began to count the Seconds; 

and we obſerved, that the Surface of the Water 
yas at L. on ar 

It is eaſy to judge, that during this running ou 

there was ſpent ſenfibly as much Water. as if it ha 

always remained at the middle Height of B, o 

13 Foot; becauſe that if it went faſter at L, 

it went alſo ſlower. at H, in the ſame Propor- 


- 


tion. | „ „ 
The Experiments which I made at great Heights, as 
35 Foot, gave about a 17th or an 18th leſs than ac- 
cording to the ſubduplicateRazzo of 13 Foot to theſe 
theſe Heights, and thoſe that I made at the Heights of 
6 or 7 Feet, gaye a little more; which pr from 
the Friction more or leſs againſt the Edge of the 
Hole of 3 Lines, and from the greater or. leſſer 
Reſiſtance of the Air; but as theſe Differences are 
very inconſiderable, Calculations may be preciſely 
made according to the Rule of the ſubduplicate 
Ratio. Here follows, a Table of the Quantities of 
ae: given by Reſervatories of different Heights 
s far 25 52 Foot, tho an Ajutage of 3 Lines 
in Diameter. H d a2 % 
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TABLE of the Expences of Water at different 
_ Heights of Reſervatories, tbro' an Ajutage of three 
Lanes in Diameter, in a Minute. 1 . 


r 
* 


Heights of | Reſervatories. Expences-of Water. 


+28 3987. +4; 2911151 16 Pints 
3885 zd + ot. aca 19 Pints 7 0 
%% feẽjẽ,ꝭ +7 v1 3 1 Finw 4:41 

40 Feet 2434 Pints 3 

52 Feet . 28 Pints 


We make our Calculations in the following Man- 
ner. Let 2 Feet be the Height of the Reſerva- 
tory 3 the Product of 2 by 12, is 26, whoſe 
ſquare Root is nearly 5 33 as 13 is to 3 , fois 14 
Pints to 5 5, within a yery little; from whence we 
conclude, that a Reſervatory of 2 Foot high, thro' 
an Hole of 3 Lines, will give 5 Pints and; in a 
bon % Adi me J err 
If the Height was 45 Foot, we might take the 
ſquare Root of 585, the Product of 13 by 45. This 
Root is nearly 24 1 ; therefore as 13 is to 24 1, ſo is 
14 to 26; by which, we know that a Reſervatory of 
45. Feet, thro an Opening of 3 Lines, would give 
26 Pints N op bs we 12 55 | 
vou apply a narrow perpendicular Pipe ta a 
op ia it will give more Water than if 
the Pipe was away, and there was only at the Bot- 
tom of the Reſervatory a Hole equal to the Openi 
of the Pipe. Here follow ſome Experiments char | 


have made relating to t. 


— 1 — 180 — * # * 
4 a ö | B 
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AB CD (Hg. 70.) was a Reſervatory of a Foot 
broad, and a Foot high ; we fix'd at the Hole E 2 
Glaſs Pipe of 3 Foot, of 3 Lines Bore towards the 
Top, and 3 Lines; towards the Bottom F. If there 
had been nothing but a Hole of 3 Lines at E, with- 
out a Pipe, it would have given in 60 Seconds a 
little leſs than 4 Pints, according to the aboveſaid 
Rules; and if it had been equally broad all over, 
as A B, the Height GE being of 4 Foot, and the 
Hole E being of 3 Lines, it would have given about 
8 Pints 3 by the ſame Rules; but the Pipe being 
on, it gave only according to the mean Proportion be- 
tween 4 Pints and 8 Pints 3. The Reaſon why it gives 
more than by a Hole of 3 Lines at F, proceeds from 
the Acceleration which is made of the Water running 
thro the Pipe, which would increaſe according to 
the odd Numbers, if there was only the Pipe; but 

the Water is 'retained by that which is in the Re- 
ſetvatory, which diminiſhes that Acceleration, be- 
cauſe” it can't be ſeparated from it; but alſo, that 
which is in the Pipe makes that which is in the Re- 
ſervatory follow farther than it would if the Pipe 
was not added; and by theſe Means, there is madę 
a middle Swiftneſs of running out, which alters ac- 
cording to che Length and "Breadth of the little 


Pipes. e YO 81 10 12L | 297 | ; 
I obſerved in theſe Experiments, that the Pipe 


being unequally wide at the two Ends, as in this, 


which was 3 Lines wide ar one End, and 3 at the 
other; it gave always the ſame Quantity, put which 
End you would into the Hole E; the Reaſon of 


which was, that” all the Water emptied it ſelf al- 


ways in the'ſame Time, the Pipe being full from 
e 5 02009-71502.7 317-10 1009; 
I made juſt ſuch another Experiment, having ſol- 
Fl ger d a Pipe of 6 Foot long, and an Inch „ 

44 | | Ole 
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a half, when the Pi 
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Hole E of a Veſſel which was a Cubic Foot; which 
being fill'd with Water when the Pipe was on, 
emptied it ſelf in 37 Seconds; the Pipe being cut off 
at the Middle H, emptied it ſelf in 45; and be- 
ing cut off at the Top E, it was 95 Seconds in run- 
ning out; from which it appears, that the Length 
of the Pipe gives more Acceleration. 
Another Veſſel in which the Water was 4 Inches 
above the Hole E, which was 4 Lines over, and where 
the Pipe EF ran in when it was two» Foot high; 
gave 12 Meaſures and a half of thoſe of which it 
would haye given but 8 and a half, at the Height of 
4 Inches; and if the Veſſel had been down to F, it 
would have given 18 and a half; ſo it is am 
Proport ion; which proceeds from the Acceleration 
Water which always fills the Pipe, and makes the, 
Water deſcend faſter ar E, we not fo. faſt as if the 
Veſſel was 28 Inches high. We found theſe 8 and 
was but an Inch high, becauſe 
then there was but very little Acceleration. Apo- 
ther Pipe of 4 Foot had almoſt the fame Effect; it 


was of 4 Lines at one End, and 4 and a half at the 


other. It was fix d to the Hole E, according tg the, 
two Poſitions, and gave the ſame Quantity of Water; 
only ir ſeemed, rhat when that End which was of 4 
Lines was at E, and that of 4 and a ball at F, there 
ran out 3 or 4 Spoonfuls more. 

But having applied a narrow Pipe of 2 Foot and 


2 balf long, and; of à Line in Bore, there did hot. 


go i; more hen the Pipe was of its full Length, than 
from the Friction of the long narrow Pipe, which 


inders the Water from accelerating its Velocity in 

4 | ; ; = i EN) ; _ 5 , A " 
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Ar 
5 JA 
of the Meaſure of ſpouting Water thro” 


Ajutages of different Bores. 


| E have ſhewn in the Third Diſcourſe of the 

| Second Part, that Waters which ſpouted 
with equal Velocities thro' different Holes, balanced 
by their Shock, Weights which were to one another 
in a duplicate Ratio of the Diameters of the Holes. 
We may ſay the ſame thing in reſpe& to the Ex- 
—— of the Water iſſuing thro” different Ajutages, 

ow 


Reſervatories of equal Heights; namely, that 
the Expence of theWater is according to the du Wo 
cate Ratia of the Diameters of the Holes: The De-. 
monſtration is made in this manne. 


DEMONSTRATION, 


AB (44 3 is a Plane with a round Hole bord 
in it at e ; CD is another Plane, bor d with ano- 
Hole, tho leſs, at g h; IL is a Cylinder paſ- 
ing entirely thro? the Hole e in a certain Time, as 
2. Seconds, according to an uniform Velocity; 
MN is another Cylinder of the ſame Length, but / 
the Baſe much leſs, which alſo paſſes entirely thro * 
the Hole g h in two Seconds: It is manifeſt, that — 
- 3 x 


Fl 
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the Diameter E F, of the Cylinder I L, which is 
= to that of the Hole, be double the Diametet 
of g b, the great Cylinder will be four times as 
big as the other, ſingę they are to one another as 
their Baſes, each of Which is ſuppoſed to be equal 
to the Hole thro* which they paſs : Now fince they 
have the ſame Velocity, when the Half of the 
great Cylinder is paſs d through, the Half of the little 
one will be alſo gone thro! ; and that which has paſs'd 
of the one and the other will always be in the ſame 
Proportion of 4 to 1: Then if we ſuppoſe theſe 
Cylinders to be Wates-ſpouts that have the ſame Velo- 
city, there will —_— ſpout 4 times as much Wa- 
ter from the great Hole, as from the little one, 
which is in a duplicate Proportion of the Diameters 
of the Holes; and Juſt ſo with reſpect of other 
Proportions: To confirm this Maxim, we have made 
the following Experiments. | $ 


EXPERIMENT. I. 


A Reſervatory or Ciſtern 12 Foot 4 Inches deep, 
yielded thro” an Hole of exactly 3 Lines Diameter, 
14 Pints in 61 Seconds 2, if continually full; and 
thro? an Hole of exatly 6 Lines, it will yield the 
ſame Quantity in 15 Seconds -, which is almoſt ac- 
cording to the duplicate Proportion of the Diameter ; 
for it would have yielded 56 Pints + in about the 
Time of 62 Seconds. 55 


EXPERIMENT IL 


A Reſervatory of 24 Foot 5 Inches deep, yielded 
thro' the ſame Hole of 3 Lines, 14 Pints in 44 Se- 
conds à, and another time in 45; and the Hole of 
6 Lines yielded the ſame Quantity in 11 and almoſt 


a 23 
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174 
* and having repeated the Experimetit, - it 
e it in 11 Seconds preciſely. From theſe two 
ö — and from ſeveral others, not unlike 
the former, which I made j # different Reſervato- 
ties ; as from 5 Foot high @ 27, I found that the 
different Holes always yielded Water ſenſibl r 
very neat according to che Leg 0 


* UL 1 fo the Expence of /pouting Water. 


© Water: fs; thro! differeno Holes, ford at b | 
Bottom of - Reſervatories of equal Heights, yield 
5 according to the Proportion of the Holes, or 
A n Ratio of the r of the 


Holes. 


A TABLE of the R of Warer!idhrode 
Minute, by different round Ajutages, the Water 
of the Reſervatory being 13 Foot high above the 


Ajutage, or nF . ; 
Diameter. 10 Ege, 511 


0 


By an Ajutage of 1 Line I Pint and? 
By 2 Lines 6 Pins? 
By 3 Lines b ne 
By 4 Lines 25 Pints or near 
By 5 Lines 39 Pints 
By 6 Lines 56 Pints 
By 8 Lines 1107 
By 12 Lines 224 4 its 
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If any one calculates the Inches, he will find 
that an Hole of 3 Lines will give an Inch, 6 Lines 
4 Inches, and 12 Lines 16 Inches. | 

There are ſome Cauſes. that prove a Hindrance to 
the Exactneſs of theſe. Rules; for, very often, the 
ent Holes give a little more in Proportion than the 
maller ones, and ſometimes leſs; ſometimes the 
greateſt Heights give a little more than in a dupli- 
cate Proportion, and ſometimes a little leſs: For 


Experiments. | : 
17} -BAPERTMENTT. UE | 
I took a Pipe of half a Foot Diameter, and about 
6 Foot high, having aRefervatory at the Top, which 
contain'd about 12 Pints; I put the fame Plate at 
the Bottom that had ſerv d in the firſt Experiments, 
with a Hole bor d in it of 12 Lines, and another of 
4 in the ſame Bottom. The Hole of 12 Lines was 
about an Inch diſtant from the Side of the Baſe, and 
that of 4 Inches the ſame Diſtanee; I put a great 
Veſſel below, where there was a Separation that di- 
vided it unequally; (This Veſſel muſt be ſo contriv'd, 
that the Water which runs thro' the Hole of 4 Lines; 
may enter into the little Separation,and that whichruns 
thro the Inch Hole, runs into the other: ) One may 
let the two Holes ſpout at once, provided the Pipe 
be full, and that the Veſſel which was put there to 


receive it, be taken away ſuddenly; ſo that both Holes 


may ceaſe to run into it in the ſame Inſtant of Time. 
We ſhall always find that the great Hole, which, ac- 
cording to the Second Rule, ought to give 9 times as 
much as the little one, will give but 8 times as much, 
and with ſomething more Diſadvantage in other Ex- 
periments. The Cauſe of this Effect, is the ſame with 
that which I have mention d before, viz. That Wa- 


1 | ter 


Confirmation of which, I have made the following 
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ter does not ſpout from the great Hole with ſuch 
Facility as it does from the little one; for fince the 
great one ought to yield 9 times as much Water, 
the Water which ſucceeds that that runs out, muſt 
come from the Circumference%of about a Foot; and 
the Diſtance of one Side of the Pipe was but an Inch, 
and the fartheſt only from 4 Inches; which retarded 
the running, the ſuperior Water not being able to 
flow with that Velocity that was neceſſary; whereas 
for the little Hole, the Diſtance of an Inch on all 
Sides was ſufficient to furnith the Expence of Water 
faſt enough; and this Difference made this th of 
Difference in the Quantity of the expended Water, 
as in the Experiment of the Inch, the Center of 
which was lower than the Surface of the Water of 
7 Lines, which gave but 13 Pints Z; whereas the 
Hole of 6 Lines gave one fourth Part of 15 Pints, 
its Center being at the ſame Diſtance of 7 Lines 
from the ſuperior Surface of the Water. 


Jo remove this Difficulty of running, we made 


ſeveral Experiments in a Veſſel whoſe Bottom was 


large enough to make a Hole of an Inch, at a Foot 
from the neareſt Side, and we made a little Hole 
about a Foot diſtant from the great one, The Ex- 
periment being made with the ſame Veſſel, where 
there was a Separation, we always found that the 
great Hole gave 9 times more than the little one; 


for it wanted ſometimes of it, and ſometimes 2 


that is to ſay, if the little one gave a Pint, the 
great one gave 8 Pints and a halt, or 8 Pints +4 we 
meaſured the two Holes very exactly again, and found 
that that of an Inch was ſomething more in Diame- 
ter proportionably than that of 4 Lines, at leaſt we 

| were 
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were aſſured, that it was not leſs than barely an 
Inch, and conſequently that the Defect of the Quan- 
tity of Water that it ought to give, did not proceed 
from this Cauſe. In the Experiments that we made 
ſeparately with different Holes, the great ones gave 
commonly more in Proportion than the little ones: 
9 are Three Cauſes that may contribute to this 
„ © 8 : F exo toy {43's 44 : 
The firſt. is, That there is more Friction in Pro- 
portion in the little Holes, than in the great ones; 
or the Circumference of the different Holes are to 
one another but in the Proportion of their Diame- 
ters; whereas the Water that they yield are in, a 
duplicate Proportion of the ſaid Diameters. Now 
if we ſuppoſe that the Water, by reaſon of its 
Viſcouſneſs or Tenacity, ſticks a little to the Sides 
of the Holes, we muſt for that Reaſon reckon that 
we leſſen, in ſome meaſure, the Largeneſs of the 
Diameters: For Example, in a Hole of 3 Lines, we 
may reckon it leſſen d of a Line; therefore in a 
Hole of half an Inch, altho' the Square of 6 be 
four times the Square of 3, and that the round 
Holes are to one another as the Squares, the Sides 
of which are equal to the Diameters of the Circles, 
nevertheleſs the Circumference of the Hole that has 
6 Lines for its Diameter, will be only the double of 
that which has 3 Lines; wherefore ſuch a, Hole can 
be ſuppo>'d to be leſſen'd but a 5th, or > for this 
Impediment ; from whence we perceive: that Jets 
with large Holes are not ſo eaſily ſtopp d or retarded 
as thoſe with ſmall ones, and give more Water in 
Proportion to their Diameters. | 

The Second Cauſe is, that a little Thread of Wa- 
ter finds more Reſiſtance in the Air at its coming 


out, than a great Jet ;. as 8 happens in little e 


„ * a = 
33 * 
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that do not go ſo far as the great ones, altho they 


go at the fame Time out of the ſame Muſket. 

The Third Cauſe is the greater Impulſe of Water 
that is pour'd in to ſupply the ſpouting of the 
great Holes. For to keep a Reſervatory full where 


the Water runs thro' a Hole but of 4 Lines, it is 


ſufficient to pour in Water very ſoftly, and with a 
little Veſſel ; but when the Jet is of an Inch Bore, 
you muſt pour in Pails full at a time, and very faſt ; 
which gives an Impulſe to the Water, and makes it 


go faſter than if it had only the Weight of the Water 


to preſs upon it. The Experiment was made by 
placing horizontally an Hole one Inch in Height, 
and Hat in Length; for in 36 Seconds and =, it 
gave a Quantity of Water which it ought to have given 
only in a quarter of 154 Seconds; namely, in 38 2, 
which proceeded from the Water's being pour'd in 
with great Force, to ſupply that which went out ; 
and even when the Reſervatories are not kept full, 
the Water deſcends much faſter thro* a Pipe of 3 or 
4 Inches Diameter, when the Jet is large, than when 
it is ſmall ; which neceſſarily increaſes the Velocity 
of the Water at its going out. 

Theſe three Cauſes together are ſometimes a little 
more powerful than the bare Difficulty of the Wa- 
ter s Paſſage; and ſometimes they only equal it, 
when the Experiments are made ſeparately thro 
different Holes. | 
1 made theſe following Experiments concern- 
ing it, with an Hole of 3 Lines, and one of 6 

ines. 


EXPERIMENT I. 


The Hole of 3 Lines having its Reſervatory 5 
Foot and a half high, gave 14 Pints, of 2 Pound 
2 Weight 


or A -= PP hood . «@ 8 


d 
ht 


Pints in 44 Seconds: ; 2 thro the 6 Lines, gave 
| IN 2 
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Weight each, in 93 Seconds ; and the Hole of 6 
Lines gave them in 23 Seconds, inſtead of 23 +. 


EXPERIMENT IL 


A Reſervatory a little more than 24 Foot high, 
thro a Hole of 3 Lines, gave 14 Pints in 44 Se- 
conds and a half; and thro 6 Lines, gave the ſame 
Quantity in 11 Seconds, the Water in the Reſerva- 
tory being continued at its firſt Height. 


EXPERIMENT Ill. 


From a Height of 12 Foot, the Hole of 3 Lines 
gave 14 moderate Pints in 61 Seconds -, keeping 
the Reſervatory ſtill full, and thro' the Hole of 6 
Lines, it gave the ſame Quantity in 15 +. 


EXPERIMENT IV. 


I plac'd a Mark in the Ciſtern or Reſervatoty that 
was at the Top of the Pipe, higher than that which 
mark d the 12 Foot 4 Inches; and another lower, 
at an equal Diſtance from it, that letting the Water 
run from the upper Mark to the lower, it might 
produce the ſame Effect as if it had been kept full 
to 12 Foot 4 Inches: There entred 13 Pints and ; in 
the Reſervatory, from the lower Mark to tlie higher; 
they paſs d off thro 3 Lines in 58 Seconds; and 
thro' 6 Lines in 15, inſtead of 14. 


EXPERIMENT V. 


The Reſervatory being 24 Foot 3 Inches high, 
and at the middle Mark, thro the 3 Lines, gave 14 


the 
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the fame Quantity in 12 =, pretty near; and in let- 
ting the 13 Pints ; pals from the higher Mark, that 
Quantity went out thro, the 3 Lines in 42 Seconds, 
and in 10 + thro' the 6 Lines: This laſt Experi- 
ment makes the Proportions equal, as well as the 
. EET. | 

1 found pretty near the ſame Effect from a Reſer- 
r Seer mags 

By theſe different Experiments, you ſee that the 
Second Rule may be follow'd, without Fear of any 
conſiderable Error; and that contrary. Cauſes always 
make a pretty juſt Compenſation when the Experi- 
ments are made. 9285 

With reſpect to the ſubduplicate Ratio of the 
Heights of the Reſervatories, there are rwo Cauſes 
that diminiſh it, and two that increaſe it. 

Thoſe that diminiſh ir are, That the Air reſiſts 
more in Proportion to a great Velocity, than a ſmall 
one; and that the Friction is greater againſt the 
Sides of the Ajutage. ee e 
Thoſe that increaſe it, are the fame that ſome- 
times cauſe great Holes to give more Water in Pro- 
portion than little ones; namely, becauſe you muſt 
pour Water with greater Force to keep Reſervatories 

full at a great Height than at a little one, and the 
Water deſcends faſter when you let it run out. 
Theſe Cauſes compenſate one another pretty 
exactly; but it moſt commonly happens, that there 
1s a Iitfle leſs than a fubduplicate Ratio in the great 
Heights; but when the Experiments are made at the 
{ame time, fiom the ſame, Reſervatory, great Holes 
always give leſs in Propbrtion than little ones. 

, Torielli, in his little Treazite of the Motion of 
Water, has demonſtrated, that if the Reſervatory 
ABCD has a little Hole of 4 or 5 Lines at the 
Bottom at E (Fig. 72); and the Water As the 
| RY eight 
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Height of the Line A B, may run out in 10 Minutes, 
without pouring in any more, in its Deſcent it will 
paſs thro' unequal Spaces in equal Times; ſo that 
if you divide the Line B C into 100 equal Parts, 
during the firſt of theſe Minutes, it will deſcend 19 
of theſe Parts, during the ſecond 17, during the 
third 15, Cc. and ſo according to a Series of odd 
Numbers down to an Unit; ſo that the laſt Part will 
go out in the laſt of the 10 Minutes. The Reaſon of 
this Effect is founded upon the firſt Reaſon, before 
explain d, that the Velocities of running Water are 
in a ſubduplicate Ratio of their Heights, and conſe- 
quently that they are to each other as the Ordinates 
of a Parabola A B C, beginning at the greateſt 
A B, and ending at the Point C; which cauſes the 
Spaces, paſs d thro' in the ſame time by the Surface 
of the Water A B, to be as the Series of odd Num- 
bers, beginning at the greateſt. Tg 
Thence you may draw this Conſequence, That if 
vou meaſure the Quantity of Water contain'd in the 
Reſervatory to the Line AB, and it runs out in 10 
Minutes, twice as much will run out in the ſame 
time, if you keep the Reſervatory always full, to 
the Height AB; which proceeds from this, That if 
2 Drop of Water fell in a certain Time from B to C, 
and continued its Velocity acquired at the Point C, 
without increaſing or diminiching it, it would in 
the ſame. Time paſs thro' a Space double to B C: 
Now the Water that goes out at firſt thro' the Hole 
E, has a Velocity equal to that which the 7 
Drop would have acquir'd at the Point C; and all 
the Water that goes out, has always the ſame Velo- 
city, if the Reſervatory continues full; wherefore 
twice as much will go out in the 10 Minutes, as 
would go out were it a to run of it ſelf, with- 
J 8 
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out any Addition to it; and in 5 Minutes, as much 
as the Contents of the Reſervatory. 

But the ſame thing does not happen, when this 
Pipe is but half a Foot wide, and 2 or 3 Foot high 
as the Pipe AB CD (Hg. 72.) having the Hole K © 
6 Lines; for the Velocity of the deſcending Water 
gives an Impulſe to that that goes out; which, join d 
to the Weight of the Water, makes it go faſter than 
it does when it deſcends very ſlowly, this Pipe being 
very wide. 

found ſeveral times, that if the Water of it ſelf 
ran entirely out of ſuch a Reſervatory in 4 Minutes, 
leſs Water by; would go out in two Minutes when 
the Reſervatory was kept full; and if this Pipe con- 
tain d 24 Pints, and they ran out in 4 Minutes, 
when ir was kept full, there went out but 20 Pints 
during the Space of 2 Minutes; and to give 24 
Pints, 2 Minutes and 24 Seconds were required: 
This Defe&t is occaſion d likewiſe by the Jer's being 
more retarded by the Friction, and by the Refiſtance 
of the Air in Proportion, when it is faſt, than when 
It is flow, as was before explain d; and thus it is 
always equally retarded by theſe two Cauſes, when 
_ the * is kept full; but it is much leſs ſo when 
the Water is no higher than L M, and ſtill leſs 
when it is fallen as low as F G. 
It is true, if there be a Turning in the Water, as 
there often happens, then the Courſe of the Water 
will be retarded, and may compenſate the Effect of 
the Acceleration: This Turning happens when the 
Hole is not in the ſame Plane, and the Water runs 
out a little ſideways in one Place. 280 
In the laſt Experiment that I made upon this Sub- 
ett, the Water was 10 Inches high above a Hole of 
4 Lines, which was made within the Bottom of the 
Pail : On one fide of the Hole, at the ſame Height, 
| plac 
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I plac'd a Stick on which were mark'd 10 Inches divi- 
ded into 36 Parts, and the whole into 6 Diviſions, of 
which the »firſt near the Hole had one of theſe Parts; 
the Second 3, the Third 5, the Fourth 7, the Fifth 
9, and the Sixth 11 ; the Firſt Diviſion at the Top 
ran out in 39 Seconds, the Two following the ſame ; 
the Fourth in about 36 Seconds, and each of the other 
Two ſtill in leſs, tho the Water then had a Turn- 
ing, which proceeded from the Acceleration of the 
Water when it was come out of the Hole. The ſame 
Proportion is leſs obſerv'd when the Hole is very 
great in Proportion to the Height, as when its 


Diameter is equal to the fourth or fifth Part of 
that of the Baſe ot the Cylinder A B C D (Htg. 73.) 


for the Water will run out in great Abundance, and 
age! ragged will very much accelerate its Velocity 
in falling, and impell that that goes out ſo ſtrongly, 
that altho irs Weight be then leſs than when it 
was at the ar. N A B, the Impulſe will over- 
come this Detect, and more Water will go out 
tho the Hole K, when the upper Surface is got 
to H I or L M, than there did when it was at 
AB. This Truth will eafily appear, if you conſi- 
der that when the Pipe is all open, the upper 
Surface of the Water deſcends in equal Times, 
according, to the Series of the odd Numbers 11, 
9, 7, 5, 3, 1, Cc. And when the Pipe is very 
wide and the Hole very ſmall, it deſcends ac- 
cording to the Numbers 7, 9, 7, 5, 3; and it ne- 
ceſſarily follows that the Heights, the Diameters, 
and Holes of the Pipes may be fo proportion'd 
that you may give what Modification of Velo- 
City you pleaſe to the Water that goes out, thar is 
to ſay, you may make the Two Halves paſs out in 
Two equal Times, and the Third Part towards 
the Bottom run out in N Time Thrice leſs 15 
4 - ', 
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the reſt, and ſo of the other Parts; but when the 
Water is fallen pretty low as to F G, it will no 
longer accelerate, but always diminiſh its Velocity, 
for then the Compreſſion will be diminiſh'd more 
than half, and the Acceleration will neceſſarily 
ceaſe, and it will continue diminiſhing to the End. 
I found by an Experiment made with à Glaſs 
Tube 5 Foot high, and 10 Lines in Diameter, 
that had 'a Hole of 2 Lines, and was divided in- 
to 5 Parts, that the Firſt ran out in 7 Spaces 
of Time, the Second in 6, the Third in 6, the 
Fourth in 7 pretty near, and the reſt {till dimi- 
niſhing : Whence it follows that in ſuch a Tube, 
there are Two different Places, one towards the 
Top, and the other toward the Middle of the 
Tube, where the Water deſcends with the ſame 
Velocity; whence you ſee, that tis impoſſible that 
the Water ſhou'd deſcend uniformly, the whole 
Length of the Cylindric Veſſels, what Heights, 
Diameters, and Holes or Ajutages ſoever they have; 
for if the Weight which it has at H I, joined to 
the Impulſe of its Velocity, makes it go out with 
a determinate Velocity rhro' K; the Impulſe of 
the ſame Velocity, if it be continued, Joined to 
the Weight which it has at L M, which will be 
leſs, will make it go out leſs faſt, and conſequently 
the upper Surface of the Water will not deſcend 
ſo faſt at LM as at I K; whence it follows, that 
if the upper Surface of the Water diminiſhes its 
Velocity from the Beginning, it will always dimi- 
mſh ir to the End. © COTS. 4 
Thence you may judge in what Time a Bar- 
rel, or other Veſſel, will empty it ff, letting 
it run thro' à Hole of à determinite Bore : For 
let A B CD (Eg. 54.) be a Paris Muid or Barrel 
plac d on one End, having a Hole at 4 * — 
ao” * ab; E the 
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E, the common Height of the Wine betwixt the 
Bottoms, which is 30 Inches or 2 Foot and a 
half multiplied by 13 Foot, makes 32 3 whoſe Root 
is 5 and 15 nearly; and as 13 is to 5 6, ſo is 
14 to 6 ;; pretty near: Therefore if the Hole E 
were 3 Lines in Diameter, 6 Pints / would go 
out in a Minute, the Barrel being kept full; 
but being of 4 Lines, the Surfaces of theſe Holes 
are as 9 to 16; then as 9 is to 16, 10 is 62 
to 10 5, that is, almoſt to 11; and if 11 Pints are 
given me in a Minute, in what Time ſhall I 
have 280; you will find in about 25 Minutes 
and a half, keeping the Veſſel ſtill full. Therefore 
by what has been faid before, the double of this Time 
will be requir'd, namely 51 Minutes for it to run 
quite out : Since the Hole will 'be very ſmall in 
proportion to the Largeneſs of the Veſſel, the 
Swellings AGD, and BF C, will make no con- 
fiderable Difference in the Calculation. 

It is proper enough in this Place to reſolve a 
pretty curious Problem which Toricelly has not 
undertaken to reſolve, tho he propos d it; this 
Problem is to find a Veſſel of ſuch, a Figure that 
being pierc'd at the Bottom with a ſmall Hole 
the Water ſhould go our, its upper Surface deſcend- 
ing from equal Heights in equal Times. If in the 
Eonoidal Figure (Eg. 75.) BL is to B N, as the 
Square ſquared of L M is to the Square ſquared: of 
NO; and B N to B H, as the Square ſquar'd of 
N O, to the Squate ſquar d of HK; and: ſo on; the 
Water will deſcend from A D C uniformly, till it 
comes to the Hole at B; for let B P be the mean 
Proportional betwixt B D and B H; ſince the Square 
ſquared of K H and of D C, are to each other as the 
Heights B H, BD; the Squares of HK, D C, will 
bein a ſuoduplicate Ratio of B H to BD, or as the 
500 Heights 
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Heights B P, B D; but the Velocity of the Water 
that goes out at B by reaſon of the Preſſure of 
the Height B D, is to the Velocity of that that goes 
out by reaſon of the Preſſure of the Height B H, 
in a Subduplicate Ratio of B D to B H, that is to 


fay as BP to B D, therefore the Velocity of the 
Water deſcending from H is to the Velocity of the 
Water deſcending from D, as the Square of H K 
to the Square of D C; but the Circular Surface of 
the Water at H is to the circular Surface of the 
Water at D, as the Square of H K to the Square 
of DC, therefore they will deſcend and run out one 
235 aſt as the other; and if the Surface A D C, runs 
out in a Second, the Surface G H K will run out 
likewiſe in a Second, fince the Quantities are as 
the Velocities. The ſame Thing will happen ro 
the other Surfaces at E and F, Cc. But the Hole at 
B muſt be very ſmall, that no conſiderable Acceleration 
may be made, and that the Water may not go out 
thro' the Hole ſenſibly, but in proportion to its 
Weight. Such a Veſſel may ſerve for a Cepſydra 
or Water-Clock. 

| The Explanation of it in Numbers. 


et D B be 16, and BI I; . 
of T R will be one, if the Square ſquared of D C 
be 16, and conſequently D C will be 2 if I R be 
one. Let BH be a mean Proportional betwixt B I, 
and B D, which conſequently will be 4. The Ve- 
2 by reaſon of the Weight I B will be 4, if 
the Velocity by reaſon of the Weight D B be 16; 


but the Circle or Surface I R will be 1, and the 


Circle D C be 4; therefore theſe Quantities will 
be as their Velocities, and conſequently the Cir- 
cles or Surfaces D C, and I R will run out in 


the ſame Time; and if the Surface I R requires a 


Second 
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Second of Time to run out; Four times as much 
will run out in the ſame Time, by a Quadruple Ve- 
locity, namely, the Surface D C, fince that is the 
Quadruple of the other. The ſame Proportion will 
be found in all the other Surfaces that compoſe the 
whole of the Water, or in the Solids, whoſe + 
Thickneſs is indefinitely litrle. You ſuppoſe in 
all theſe Experiments, that there 1s no Turning, or 
Circular Motion in the Water ; nor any little Pir, 
as there is in Funnels, when they empty themſelves. 


R UL E 


If there be 2 Tubes, A B, CD, of equal Height 
zn unequal Bores, (Eg. 76.) (whatever that In- 
equality be,) and the Water goes out at the Bot- 
tom of them thro equal Holes; there will go out 
no more Water from the narrow Tube than from 
the large one, if you keep them full; provided 
that the Tube with the leaſt Bore hath its Diame- 
ter about 4 times as large as the Hole which the 
Water goes out at, and that the Water hath no 
Circular Motion in the Tubes: For the Water go- 
ing out thro* equal Holes, will raiſe equal Weights 
by that which hath been ſaid above; it will go 
then as faſt thro the one as the other, and conſe- 
quently there will go out as much Water from it in 
the ſame time. 8 

If there be then a Reſervatory of an 100 Foot Dia- 
meter, and one of 1 Foot, and that they be of 
equal Height, and bor'd at the Bottom, or at the 
Side, with equal Holes at the ſame Height under the 
Surface of the Water; there will go out as much 
from the one as from the other, in the ſame time. 
A Queſtion may be aſkd here ; viz. If one 
has 2 Tubes of an Inch Bore, and unequal in 
Height, (for Example, one of 5 Foot, and _— 
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of 10) and that they be both fill'd with Water; 
whether one will give as much Water as the other 
at the ſame Time ? The Anſwer is, That they will 
ſienſibly give as much one as the other at the ſame 
Time; becauſe the Water in both falls equally 
faſt, as 2 unequal Cylinders of the ſame Matter in 
the Beginning of their Fall : Becauſe the Air does 
but little reſiſt either of them; and that they acce- 
lerate ſenfibly after the ſame manner, according to 
the odd Numbers. If then there goes out 6 
Foot of Water at à certain Time from the one, 
there will go out as much from the other. But if 
the Hole of the great Tube be leſſen d to 4 Lines 
to its Bore, it will give more Water in the firſt 
Quarter ot a Second, than if it was all open. This 
is the Calculation of it: wet a 
The Product of 13 by 52 is 676, whoſe Root 
is 26; as 13.15 to 26, fo 14 Pints are to 28. 
This Hole then will give 28 Pints, or 56 Pounds 
in one Minute: And thro a Hole of 4 Lines, 99 
Pounds and a half; and in one Second, about 26 
Ounces and a half; and in one Quarter of a Second, 
6 Ounces and a half: But in one Quarter of a Se- 
cond, the Cylinder of Water deſcends but 3 Quar- 
ters of a Foot; which when an Inch in Diameter, 
contains little more than 4 Ounces. Therefore in a 
Quarter of a Second, there goes out of the great 
Cylinder 2 Ounces and a halt more Water by the 
Hole of the 4 Lines, than there runs qut of the lit- 
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Dise IV. 


of tbe Meaſure of Mater running in an 
gr, MET x or in a River, 


* 4 x 8 


8 7 


T9 kits Water running in the Chanel F 
420 Aquzduct, or that of a River, which 
cannot be receiv'd into a Veſſel, we muſt make uſe 
of the following Method. 

We muſt place upon Water a Ball of Wax, 
loaded within with ſomething more heavy, inſo- 
much that but very little of the Wax lies above 
the Surface of the Water, for fear of the Wind; 

and after having meaſur'd a Length of 15 or 20 
Feet in the Aquæduct, we ſhall know by a Half. 
Second Pendulum in how much Time he Ball of 
War, carried by the Current of the Water, will 
run that Diſtance, : Afterwards we muſt multiply 
the Prragth of the Aquæduct by the Height of the 
Water, and the Product by tlie Space which the 
Wax ſhall have run thro”:: The laſt Product which 
is ſolid, will give all the Water which ſhall have 
paſs'd during the Time of Obſervation,” thio” one 
Section of the Aquæduct. To make this Opera- 
tion with ExaCtnels, it is neceſſary that the Fed of 
the Aquæduct ſhould have the ſame Inclination as 
the Superficies of the Water that paſſes in it: And 
Moreover we ſuppoſe, that the Water runs equal- 


ly 
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ly faſt, in the Bottom, on the Top, and on the 
Sies. 


EXAMPLE. 


We ſuppoſe that in an Aquæduct which has a 
Breadth of Two Feet, and the Water in it One 
Foot high, the Wax has run 30 Feet in 20 Se- 
conds, which will be one Foot and a half in a Se- 
cond : But becauſe the Water goes flower at Bot- 
tom than at Top, we muſt rake but 20 Feet; and 
then we ſhall have 1 Foot in a Second : The Pro- 
duct of one Foot in Height by 2 Feet Breadth, is 
2; which multiplied by 20 of Length, gives 40 
Cubic Feet, or 40 times 35 Pints of Water, which 
make 1400 Pints in 20 Seconds: And if 20 Se- 
conds give 1400, 60 Seconds will give 3 times as 
many, vis. 4200 Pints : And dividing 4200 by 14, 
which is the Number of the Pints which an Inch of 
Water gives in one Minute, or in 60 Seconds, 
we ſhall find the Quotient 300, which will be 
the Number of Inches which the Water of the A- 
net will give. W 
This way we ſhall eaſily calculate the Number 
of Inches which the River Seine gives: For ſince 
there paſſes under the Red mg in one Minute 
200,000 Cubic Feet of Water; if we multiply 35, 
which is the Number of the Pints which a Cube 
of one Foot contains, by 200,000, we ſhall have 
7.000,000 Pints; which being divided by 14, 
give 500,000, which is the Number of Inches 
which the River Seine gives, when it is at a mode- 
rate Height. a ."_ 
If we have a mind to calculate what Quantity 
of Water goes thro large Paſſages, as thro a 
Square Fathom, it is neceſſary to as: ls 
eight 
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Height of the Surface of the Water, above the 
Middle of the upper Part of this Square . Hole; 
thro which the Water is ſuppos'd to run. Let it 
be, for Example, 5 Feet ; there will be then 8 
Feet from the Top of the Water to the Middle of 
the Square Fathom. The ProduQ of 8 by 13 is 104, 
whoſe Square Root is very near 10 and z ; as 13 is 
to 10 3, ſo is 14 to 11 nearly: And becauſe a round 
Inch is 16 times greater than a round Hole of 3 
Lines, an Inch with 8 Foot of Water above it, will 
give 16 times 11 Pints, or 176 Pints; which be- 
ing divided by 14, give 12 Inches; for an Inch Dia- 
meter of the Hole. A round Hole of one Foot 
Diameter, gives an 144 times more; the Product 
of 124 by 144, is 18 10; the round or Cylindric Foot 
then will give 18 10 Inches. The round Toiſe contains 
36 times a Cylinder of one Foot: The Product of 
36 by 1810, is 65 160; as 11 is to 14, fois 65 160 
to 82930. Then a Paſſage of a Square Fathom ha- 
ving 5 Feet of Water above it, will give 82930 

Inches. GEEK 
From thence we ſhall find, that if the River Seize 
were ſtopt, when it is ſwell'd a little above its uſu- 
al Greatneſs, and was rais d 8 Feet above a Square 
Hole, 10 Foot high, and 18 Foot wide, it would go 
all out thro' ſuch a Hole: For there would be a 
Diftance of 13 Feet from the Surface of the Water 
which was ſtopt, to the Center of the Circle, 
which would have 10 Feet Diameter; and it would 
give thro an Hole of 3 Lines Diameter an Inch of 
Water : Thro' one of an Inch Diameter, it would 
ive 16 Inches; thro' one of a Foot, 144 times 16 
he which makes 2304 Inches: And multiply- 
ing this Number by 1co, the Square of 10 Feet, 
which is the Breadth of the Hole, we ſhould have 
230400; and according to the Proportion 7 1 
e 


gentler Declivity. | 
| 6 1 E 
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Circle to the circumſcrib'd Square, which is of 11 
to 14, we ſhould find very near 293236 Square 
Inches; and adding to it 8 Feet in Length, we 
ſhould have more than 500,000 Inches; which is 
what the River Seine gives at a moderate Height, 
as has been ſaid before; and conſequently it would 
all go out thro a Square Hole, which ſhould have 
18 Feet in Length, and 10 Feet in Height. 

If Water runs thro' an Aquæduct, or thro' the 
Channel of a River, in a gentle uniform Declivity, 
it will acquire in a moderate Space à Velocity, 


which will increaſe no more: For the Friction of 
the Banks, and the Bottom of, the Channel, and 


the Parts of the Water being -turn'd over one ano- 
ther, and the Reſiſtance of the Air to the little 


Waves which are in the Surface, cauſe. it to loſe a 
Part of its Velocity; and conſequently it cannot ac- 


celerate its Motion, but to a certain Velocity which 
it acquires in a little Time. From whence it fol- 
lows, that if a River has run thro' a pretty long 
Space in a certain Inclination, and that it runs after- 
wards in a leſs ſteep Inclination, that is to ſay, along 
2a Plane leſs inclin'd, it will diminiſh its Velocity: 
For ſince it will have acquir'd in the firſt Incl.nati- 


on all the Velocity which it can have by it, nd 


could not have been able to acquire by a leſs; it 
follows, that its Velocity will leſſen by degrees in 
that Inclination which is leſs, till it be reduc'd to 
that Velocity only, which it can acquire by this 
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PART. IV. 
Concerning the Height of Fets. 


; "PE. en 1 R 


Discuss +," 
Of the Height of perpendicular Jets. 
W E have ſhewn already, that Jets ought to 


riſe to the Height of the Reſervatories; 
but that the Friction of the Sides of the Ajutages, 
and the Reſiſtance of the Air occaſion d, that in 
Jets which have very high Reſervatories, the Height 
of the Jets does not come up to that of the Reſer- 
vatory by a great deal. 

In order to explain the Rules which we muſt 
follow to calculate the Height of Jets, according to 
the Height of the Water of the Reſervatories, we 
muſt conſider the following Rules. 


RULEL | 
H/ hen the Pipes that furniſh the Water are large 
egnough, the larger the Ajutage is, the higher or 
- farther it carries its Fet. 


O An 


2 
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An Experiment of it is eaſily made; if we take 
a Barrel of Water, ſet up on End, and pierce it on 
the Side near the lower End at the fame horizontal 
Height, with five or fix Holes of different Bore ; 
as for Example, of 2, 4, 6, 10 and 12 Lines 
Bore, Cc. for we ſhall ſee that the largeſt Bores 
will always carry the Water fartheſt, provided that 
the Bores be the ſame Diſtance from the Superficies 
of the Water. - The ſame thing will happen in 
Pipes whoſe Bore is 3 or 4 Inches, provided that 
the Bore of the Ajutage does not exceed one Inch 
—_— 

It is pretty eaſy to explain the Cauſe of this 
Effect, if we conſider what muſt happen to Balls of 
Wood of different Diameters ; for fince they are 


one to the other in a triplicate Ratio of their Dia- 


meters, their Weights will be likewiſe in the ſame 
Ratio, as alſo will be their Force to overcome the 
Reſiſtance of the Air; and conſequently if we 


throw with the ſame Velocity one Ball of two Lines 
Diameter, and another of 4, the laſt will go far- 


ther. We ſee a Proof of this, when we charge a 


Gun with Lead-Duft, Shot, and Balls, ar the ſame 
time; for tho they go out with the ſame Velocity, 


the Shot go farther than the Powder of Lead, and 
the Balls go farther than the Shot; and for the ſame 
Reaſon; a Cannon Bullet will go farther than a little 


Ball of the ſame Metal, ſetting out with the ſame 
Force. Ir is true, that if the Reſervatory be but 2 


or 3 Feet, a Jet of 8 Lines will not be ſenfibly dit- 
ferent from a Jer of 10 or 12 Lines; and one of 4 
Lines will be ſenſibly as high as one of 6 Lines; bur 
the Difference will be very conſiderable in Jets of 


30, 50, and 60 Feet in Height, and more. 


RULE 
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RULE II. 


The Jets fall ſhort of the Height of the Reſervatory, 
according to the Duplicate Ratio of the Heights 10 
which they riſe. 


Let ABC be a Reſervatory (Eg. 77.) or a large 
Tube ſpouting thro the Ajutage D; and let the 
Height of the Water in the Tube be ſucceſſively A 
and E: I fay, that if the Line E H be the Defi- 
ciency of the little Jet, whereby it ſpouts ſhort of 
E, and G A the Deficiency of the great Jet, where- 
by it ſpouts ſhort of A, AG will be to E Hina 
duplicate Ratio of D H to DG. | 

For let it be ſuppos d that the Weight of the Air 
is to the Weight of the Water as 1 to 600; or, for 
the more eaſy Calculation, as 1 to 60; and that 
one. only Drop or Particle of Air be met with very 
near the going out of theAjutage, by the firſt Drop of 
Water of the Jer, and that afterwards it riſes freely, 
as in a Vacuum: It is evident by what has been ſhewn 
in the Rules of Percuſſion, or of the Motion of Bo- 
dies which ſtrike one againſt the other, that the 
Drop of Water will loſe H of its Velocity, if that 
Velocity be 'expreſs'd by 61. Suppoſe then D E 
be 61, and D H 60, and that the Drop be retarded 
of „t, namely EH. Now let the Height be DA, 
the Velocity of the Drop will be to its firſt Velocity 
in a ſubduplicate Ratio of D E to D A; and that 
Drop, by meeting ſtill with a little Particle of Air, 
will loſe ſtill the 61ſt Part of its Velocity, and 
will loſe a Part proportionable to H E, according 
to the Ratio of D E to D A; ſuppoſe A L be that 
Diminution, D E will be to D H, as D A to DL. 
But as we have ſuppos'd a Particle of Air for rhe 
IR. - | Q 2 | Space 


* 
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Space D E, there will be as many Particles of Air 
thro” the Space D A, in proportion as D A, or D G, 
is greater than D E or DH; and every Particle di- 
miniſhing ſenſibly the Height of the Drop of Wa- 
ter in the ſame Proportion, this will be ſecond Ra- 
tio War to the firſt, and conſequently A L _ 


to A G, as D E to D A, or HEAL, A G wil 
be the Deficiency of the Height of the Elevation 
of the Drop of Water; but becauſe there are ſeveral 
Particles of Air between D and E, each of which 
retards the Motion of the Drop in the ſame Pro- 
portion, the Motion of the Drop in the Space DE 
will be much more retarded than by the meeting with 
one only Particle, as we have ſuppos'd. But we 
may conſider all theſe Spaces of Air, as if it were 
but one only Particle, and the Space of the Air D A 
is alſo in the fame Proportion as D A to D E, and 
conſequently we muſt add a ſecond Ratio equal to 
the firſt ; from whence it follows, that if A L be to 
AG in a duplicate Ratio of D E to D A; GA will 
be the Deficiency of the Jet below the Height of 
me Water of the Reſervatory D A, if EH be that 
of the Height D E; which was the thing to be 


proved. 
EXAMPLE. 


Let DA be quadruple of D E, the Velocity of 
the Jet of Water prels'd by D A will be double 
that of the Jet of Water preſs'd by DE; if we 
take then as above the Height D E for 61, the 
Height DH will be 60; and as the Velocity of the 
great Jet is double, and as it ought to riſe to a qua- 
druple Height, it will loſe by meeting with as 
much Air as there isin D E, 4 times as much Height 
as HE; namely, whereas the 0 ought to riſe 
to D A 244, it will riſe but to DL 240; but the 
> 2 Space 
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Space E A being divided into 3 equal Parts, each 
will be equal to D E; and if the firſt makes AL 
be the Loſs of Height, the Second will make it loſe as 
much in the ſame Proportion, as the different Parts 
of DE make the firſt Jet toloſe: For in whatſoever 
Part of the Jet it be, the Velocity of the great one 
is always double that of the little one; for there is 
always a quadruple Space in this to be paſs d thro': 
It will loſe then moreover, beſides the tirſt Part, 3 
other equal, LM, M N, NG; and A L being 4, 
AG will be 16 3 and conſequently the Deficiency 
A G will be to the Deficiency E H in a duplicate 
Ratio of DE to D A; and if E H be one Inch, 
GA will be 16 Inches. Sh, 

The Friction changes theſe Meaſures a little, and. 
the Complication of the Spaces of the Air which 
reſiſts: For in the great Jets, the Space of Air 

{5d thro' will want very much of being in the. 

tio of the Heights of the Reſervatories, which 
ought to diminiſh the Deficiency a little; and it is 
the Height of the Jers which we muſt confider ; and 
ſo if HD be 60, DG will be 240, the little Reſer- 
vatory being at the Height of 61 Feet, and-the 
great one being 256 Foot high. 

Upon this Suppoſition it will be eaſy to calculate 
the Heights of the Jets for all Heights of Reſervato- 
ries, by knowing only one of thoſe Heights; as 
that of a Reſervatory of 5 Feet; which, as it has 
been found by ſeveral Experiments, wants an Inch. 
If then we take for granted, that a Jet of ; Feet, 
whoſe Water which ſupplies it is not pinch'd; but 
runs eaſily in the Tubes, muſt have the upper Sur- 
face of the Water of its Reſervatory at the Height 
of 5 Foot 1 Inch, a Jet of 10 Foot will have a 
Reſervatory 10 Foot 4 Inches ; one of 15 Foot, at 
15 Foot 9 Inches; one of 20 Foot, at 20 Foot 16 

s dr © 3.72 Inches; 
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Inches; and fo in order, according to the Series of 
Squares. We do not make the Calculation in di- 
miniſhing the Height of the Reſervatories ; for if 
we had taken a Reſervatory of 100 Feet, it would 
be neceſſary to diminiſh 400 Inches of the 9 
that is to ſay, 33 Feet ;. One of 200 Feet woul 
have of Diminution about 133 Feet; and one of 400 
Feet, the Quadruple of 133 Feet, namely, 5323 
and conſequently it would not ſpout at all; which 
is impoſſible; for the Jets ought always to increaſe 
to that Height : But we muſt obſerve that the Tet of 
200 Feet of Height, has its Reſervatory at 333 
Feet; and a Jet of 400 Feet, at 932 Feet. « 

For all the different Heights, we ſhall make uſe 
of the followig Table. 


The Height of the Jet. The Height of the Reſervatory, 


> eo it 


5 Feet 5 Feet 1 Inch 
10 10 4 * 
15 | 15 9 
5 20 — ING 
29 25 ny. 
30 30 36 or 33 Feet 
35 35 49 
40 40 64 
45 45 81 
50 50 7 : 100 
1 55 121 
60 60 144 or 72 Feet 
wg: 7:15. 65 169 
79 70 196 
» > . 
r 
90 2 90 32324 Or 117 Feet 
=» 7 © Vs yo. 


100 10 400 99 
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So the Jet of 30 Feet will have 33 Feet for the 
Height of its Reſervatory ; that of 60 Feet, 72 Feet; 
that of 90 Feet, 117 Feet; that of 1co Feet, 133 
Feet ;; that of 120 Feet, 168 Feet: There is no need 
of a longer Table, for it is not uſual to make a 
Height of Reſervatory of 168 Feet ; and a Jet of 
120 Foot would be diſſipated by its Violence into 
{mall imperceptible Drops, as thoſe of a Miſt; the 
Pipes might burſt; and when the Pipes are nar- 
row, or the Hole of the Cock which one turns to 
let the Water our, is much narrower than the reſt 
of the Tube, the little ſets fail much more than 
according to theſe Meaſures; and then there goes 
out much leſs Water than in Proportion to the 
Height of the Reſervatories. | 

We ſhall then calculate the Expence of Water ac- 
cording to the Height of the Reſervatories, to which 
the Heights of the Jets agree; as if a Reſervatory of 
of 30 Feet gives a Jet but of 20 Feet thro' the De- 
fedt of the Hindrance of its Conduit or other Things, 
then it will be neceſſary to calculate the Expence of 
the Water, as if the Reſervatory was 21 Foot 4 
Inches high, with a Bore ſufficient for the Conduit. 

To know the Diminutions of the Heights, which 
are more than according to the Rule when the Holes 
are ſmall, I have made the following Experi- 
ments. | 

OP a thro' a Line to a Tube of 4 Feet and 
a half wanted near 6 Inches. | 

To a Tube of 14 Feet it wanted 3 Feet. 

To one of 27 it wanted about 8 Feet; which 
ſhews that the narrow Jets do not ſpour to their 
true Height. PIR 1 

To know the Heights of the Jets, without calcu- 
lating them, even before one has made any Experi- 
ment of them, we muſt have a Ball of Lead, and 

04 one 


200 A Treatiſe of 


one of Wood, each to be 5 Lines Diameter, and 
throw them up on high with the fame Force; if 
Thar of Lead riſes to 27 Feet, and that of Wood to 
24 Feet, it will be a Sign, that a Reſeryatory of 
27 Feet will make its Jet but 24 Feet, thro' a Hole 
of 5 Lines: For though the Ball of Wood be 
lighrer than the Water, the Lead is alſo a little re- 
tarded by the Air; and if we caſt the ſame Lead 
with a little Ball of Wood of one Line, and the 
Lead goes 14 Foot, and the little Ball 11, it will 
be a Sign, that a jet through one Line to a Reſer- 
vatory of 14 Foot, will mount but to 11 Foot. 
Io confirm this Rule, we have made the other 
following Experiments. e hl 

We took a Pipe whoſe Bore was 3 Inches, on the 
Top of which we ſolder' d a Barrel of one Foot 
Diameter. The Figure of the Tube was as in the 
Figure A B CD, (Fg. 78.) the lower Part was a 
Curve. We plac d the Reſervatory A B at different 
Heights in order to make difterent Experiments. 
I The Water of the Reſervatory being at 24 Foot 
5 Inches higher than the Hole D, the Jer aroſe to 
22 Foot 10 Inches; the Hole of the Ajutage was of 
6 Lines; the Square of 22 5 is 521 35: wheretore, 
we Ray, as 25 ſquare of 5 is to 521 h, ſo one Inch 
of Height of Reſervatory above 5 Foot, is to a little 
leſs. than 21 Inches; which are to be added to 22 
Foot 10 Inches, to have the Height of the Reſerva- 
tory, according to the Meaſures of the foregoing 
Table; which makes 24 Foot and near upon 7 
Inches, which agrees pretty well with the Ex- 

ment. „„ 

The Jet of 4 Lines at the ſame Height of Reſer- 
vatory aroſe only to 22 Foot, 8 Inches *, and ſpouted 
only one Inch, or an Inch and a half lower than 


that whole Ad jutage was 6 Lines; hut that — 3 
. 7 GEES £m THY e 1 
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Lines was lower than that of 6 Lines near 8 Inches, 
and was but 22 Foot 2 Inches. HE 7060 
A Reſervatory of 12 Foot; has made the Foot 
ſpout through a 6 Line Bore to 12 Jet: That is a 
little higher than according to the Rule. 
Another Reſervatory of 5 Feet! in Height, with a 
Conduct Pipe, which was very large, the Ajutages 
being. of 3, 4, and 6, Lines, the Jets have {poured 
very near 15 Lines below the Surface of the Wa- 
ter of the Reſervatory, and there was not more than 
near the difference of one Line between that of 3 
and that of 6 Lines. By the Calculation, the Square 
of 5 1 is 301; and by the Rule 25 Foot is to 
1 Inch, as 30 to; a little more, which would give 
the Height of the Reſervatory leſs only by half a 
Line than it was found to be by the Experiment, 
which it is not poſſible to obſerve. _— 
Little Jets in ſmall Heights loſe very little by 
their ſtriking the Air, and are not much leſs high 
than thoſe of 6 Lines, provided that the Pipes be 
large enough; the Surplus of the Length does not 
increaſe the Height of the Jet, nor the Quantity of 
the running out, or of the Expence of the Water 
when you keep the Pipes full. | 
The Reſeryatory being of 26 Foot 1 Inch, the 
Hole of 6 Lines has ſpouted to 24 Foot, and 2 or 
3 Inches; and by the Rule the Square of 24 J, be- 
ing 588 's, as 25 is to 588 , fo is 1 Inch to 23 
Inches and a half very near; which ought to be 
added to 24 Feet 2 Inches, to make the Height of 
the Reſervatory, which will be then of 26 Foot 
I Inch +, as is ſeen by the Experiment. 
The {ame Height of the Reſervatory, with an 
Ajutage of 10 Lines, has made the Jet ſpout. to 
23 Foot 9 Inches; and through an Ajutage of 
Lines it has ſpouted 22 Foot. In the firſt of theſe 
* C — & 8 4 , | pe- 
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Experiments, the deficiency of the Height proceeds 
from the Ajutage being too large for a Conduit of 
3 Inches, and from the Waters having very much 
Friction by reaſon of its going too faſt in it; and 
in the ſecond it was the Smallneſs of the Jet, which 
having very much Air to paſs through was conſide- 
rably retarded, and its Height diminiſh'd, as has 
been explain d in the firſt and ſecond Conſide- 
rations. | 


The Water of the Reſervatory being at 35 Feet 


of _— wanting half an Inch, through an Aju- 
tage of 6 Lines, the Jer went up to 31 Feet, 8 or 
9 Inches; and by the Rule, the Square of 31 Feet 
being 1000 very near; and 25 is to 1000 as 1 to 


4o Inches very near, that is to ſay 3 Feet 4 In- 


ches; which being added to 31 Feet 8 Inches, make 
3 5 3 3 fo this Experiment is agreeable to the 
ule. | 
For the ſame Reſervatory the Ajutage of 3 Lines 
has ſpouted up to 28 Feet; that of 4 Lines 30 
Feet; and one of 15 Lines to 27 Feet only, for 
the ſame Reaſons which have been given; viz 
that in this laſt Experiment the Pipe of Conduct 
was not large enough for the Bigneſs of the Jet and 
for the Expence of the Water ; and in the 2 firſt, 
that the Height being great, the Air too much re- 
fiſted the little Jer of 3 or 4 Lines. * 


Moreover, I made Experiments with a Reſerva- 


tory 50 Foot high, and the Jets followed the ſame 
Rules, the Ajutage of 6 or 7 Lines made the Jets 
the higheſt. 4 Ss, 2 
When there is a large Reſervatory, as a Barrel of 
one Foot fix d to the Top of a Tube of 50 or 60 
Feet high, and of 3 Inches Bore ; it happens, that 
when you let goa Jet of 9 or 10 Lines, it does 
not mount ſo high as it ought” to do a, 
4 | IS 
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this Height of the ee for the Water of 
the Reſervatory cannot come faſt enough from the 
Sides, which are diſtant from the Hole, to enter into 
the Pipe; and there is uſually made a ſort of Fun- 
nel, by the turning of the Water, upon the account 
of the too great Pede of the Water, which is 
made through the Ajutage join d to the Friction in 
the Pipe, as bas been explain'd before. From 
thence there happens an Efte& prerty ſurprizing, 
which is, that when the Jet is gone at. firſt to a 
Height as of 45 Feet, it diminiſhes and goes but to 
44 Feet; and afterwards it mounts up again to 
46, or to 47, which happens as ſoon as the Air 
can enter thro' the Hole or Bottom of the Barrel; 
for then, beſides the Acceleration of the Water 
which goes faſter, the Height of the Jer is made 
according to the Height of the Water from the 
Bottom of the Barrel; and it is no longer kept 
back by the ſuperior Water: This Reaſon is con- 
firm'd by the following Experiment. E 
We made a Reſervatory 6 Foothigh as AB CD, 
(Fig. 79.) and at a Foot below the higheſt part of 
it we folder'd a Plate within, repreſented by EF, 
bor'd with a Hole of 8 Lines Diameter in G. We 
pour'd Water in it till it begun to run thro' the 
Ajutage D, And we ſtopp'd this Hole filling up the 
| Reſervatory. To do it ſooner, we mult make a 
little Hole below F as in K, that the Water entring 
into the Reſervatory thro' the Hole G, the Air may 
go eaſily out of it, and ſhut it afterwards, when 
the Pipe ſnall be full to E E, to be able to fill the 
Reſervatory even to A B. This Reſervatory being 
full, we let the Water run thro' the Hole D, and 
the jet roſe at firſt up to I, and diminiſh'd by de- 
grees till the Water was below the Plate; and then 
the Water roſe to K. FR 
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The Cauſe of this Effect is the ſame as that of 


the greateſt running of the Water, when one puts 
a narrow Tube in the Hole of a large Reſervatory: 
For then the Water runs thro' the Cylinder. of Water 
G L MD, the ſame as if ir were a Pipe, the reſt of 
the Water not having a conſiderable Motion by rea- 
ſon of the Plate: But when the Water is below G. and 
t the Air begins to paſs in ir, all the Water E F 
is free to act upon D, and it ought to ſpout near 
to F. The Effect will be ſtill more wonderful, if 
the Hole D be of 6 or 7 Lines, and the Hole G of 
3 or 4; for the Jet will not go higher at firſt than to 
N, and will decreaſe as far as Q, and when the 
Water above is come down to G, it will riſe 
up again as far as near to F. | 197201 
In like manner if there be a Syphon as AB DC, 
(He. 80.) which makes the Water of a Bucket E F 
run (whoſe Surface is I K) thro B H D C, it will 


5 thro' a little Hole as far as H; and if the 
u 


be were not ſo long, the Jet would not be rais d 
ſo high from its Hole at C. But when there is 
no more Water in the Bucket above A, the Pipe 
will be empty from A as far as B, and when the 
Height of the Water ſhall be at B, it will ſpout as 
far as I, if the Syphon be of 5 or 6 Lines Diame- 
ter, and the Bore C be as ſmall as Two Lines, becauſe 
then the Velocity is given by the Height C B; and 
at firſt it was given only by the Height C K, and di- 
miniſh'd always, till the Water of the Bucket was 
below A. Fs 31. tt bins 0 1 05 
It ſeems it is the Weight of the Water, which 
coccaſions the Jet to riſe that it may be reduced to 
the quilibrium; and if one preſs d the Water 
which is near the A jutage by a Weight equal to that 
of the Water of the Pipe, the Jet would go as high. 


2 6 
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Here follows an Experiment which I have made to 


rove it. 
. AB C (Hg. 8 1.) is a Glaſs Tube of an Inch and 
2 half Diameter, and its Height D A is one Foot, 
the Ajutage or Bore C is 2 Lines 3; we pour d 
Mercury thro A till the Bottom E F was fill'd with 
it: Afterwards we put Water gently into the Space 
C F, after that we ſtopp'd the Hole C with the 
Thumb, and fill'd the Tube with Mercury as far 
2s A. When we rais'd the Thumb from the Hole 
C, the Water C F aroſe to 12 or 13 Feet very near. 
The Cauſe of its rifing ſo high is the ſpecifick 


Gravity of the Mercury, which is to that of 


the Water as 14 to 1. Conſequently one Foot 
of Mercury in D A will weigh as much as 14 Foot 
of Water, which would be a greater Tube, and 
will make the ſame Effort to make the Water ſpout 
thro C. And becauſe a Refervatory 14 Foot high 
makes the Water ſpout to the Height of about 13 


| Foot, one Foot of Mercury ought to produce the 
* 


ſame Effect. 

The like Effects will follow from Weights put 
upon a Syringe, inſtead of the Weight of the Wa- 
ter or Quickſilver. W 

Let, for Example, A BCD (Eg. 82) be a Sy- 
ringe of 3 Inches Diameter, having at its Paſſage a 
Bore of 4 Lines at E, the Piſton is FG, which has 
a Plate H I below its Handle, to which it is fix d 
that the Syringe may be kept upright, the Piſton 
being juſt within; there is Water poured in to fill 
from the Height of the Piſton L as far as E. MN, 
OP, are two Sticks fix d to the Body of the Syringe, 
on which we hang Two equal Weights Q and R with 
Two Cords on each Side of the Syringe, I fay, 
that if theſe Two Weights weigh 20 Pounds, the 
Jet will ſpout thro E as high, as if a — 

EY” whic 


* 
1 
* 
: 
5 o 
5 
4; 
i 
M 
1 
"2 
* 
: 
1 
40 
a} 
. 
Fo 
< 
1 
1 
4 
1 
= 
Wn 
1 
$ - 
: 
F 
i 
: 
1 
if 
ts © 
1 
18 
'T 
1 
1 
| 


”_ . Ow , 
CO ————— —— Rn nates xt nA — 
. We") 


206 A Treatiſe of 
- which ſhould have Communication with the Bore 
E. and whoſe Pipe which contain'd the Water, ſhould 
be equal in Diameter to the Body of the Syringe 
AB CD, was high enough to contain the Wa- 
ter weighing 20 Pounds. Now the Pipe being 3 
Inches Diameter, it will have 9 Inches Surface, each 
of which weighs 6 Ounces and 2; there is then 55 
Ounces, or 3 Pounds 7 Ounces for every Foot of 
Height; and if the Reſervatory was 6 Feet, it would 
be 20 Pounds 10 Ounces ; then the Jet would go to 
about 6 Feer, ſuppoſing that the Friction of the Pi- 
ſton was but of 10 Ounces : So that if the 2 Weights 
were 40 Pounds, they would make the Water ſpout 
to very near 12 Feet; and if they were 100 Pounds, 
it would ſpout as if the Pipe was 30 Feet in 
Height. | 2 

But if we make a Barrel of Copper G K P H, (Eg. 
$3.) whoſe upper Plate is very thick to ſuſtain a great 
Force, and that we fix into it a hollow Cylinder IL; 
the Barrel being filled with Water as far as M N, 
let there be a Hole O to inject Air into it by means 
of a Syringe there applied, and a Valve within; And 
having ſtopp'd the Hole Z, when the Air ſhall be 
condens'd ſo as to be 4 Times denſer, its Effort will 
be equal to 4 Times 32 Feet of Water ; and if the 
Barrel was one Foot Diameter, every Foot of Wa- 
ter in Height would weigh 55 Pounds; it would 
be then 128 Times 55 Pounds or 7040 Pounds. 
There would be required then the Force of 7040 
Pounds to condenſe the Air 4 Times: But the Bore 
O was a Quarter of an Inch, and the Baſe. H P 
one Foot, the Proportion would be as 1 to 2304, 
and the Force of 4 Pounds would be ſufficient to 
make the Air enter till it was of a Strength propor- 
tionable to 4 Times this Number, that is to ſay, 
even to carry the Weight of 92 16 Pounds; it would 
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carry then as much Weight as that of 128 Feet of 


e Water, and conſequently when one ſhould open the 
d Bore Z, the Jet would go near 100 Feet. 

e And if the Barrel was larger, the Air which would 
* be between M N and K G, would not be more dif- 
3 ficult to condenſe thro' the Bore O, as it has been 
h prov'd in the Treatiſe of Percaſſion, and it would 
) alſo make the ſame Effort to ſpout to 128 Feet in 
f height, as well a Pipe of the whole Height full of 
d Water. I 

1 I made moreover the following Experiment. I 
D took Two unequal Syringes, the one was Two Inches 
: Diameter, and the other 3 +; in that ſof 2 Inches 
, a Five Pound Weight made the Piſton deſcend 
: when it was empty; and having fill'd all the Sy- 


ringe, and puſhing the Piſton with a Force which 
was very near equal to 12 Pounds, I made the Wa- 
ter riſe thro a Hole of 8 Lines to 4 Feet very near. 
Now one Foot in Height of the Pipe of the Syringe 
is very near equal to 32 Ounces or 2 Pounds, and 
4 Feet are equal to about 8 Pounds. If then the 
Effort was 13 Pounds, taking away 5 Pounds for 
the Friction of the Piſton, there remain d 8 Pounds 
for the equivalent Weight of the Water of a Re- 
ſervatory of a little more than 4 Feet high, and of 
2 Inches and: Diameter. The other Syringe did 
the ſame in Proportion. | 
If we puſh'd the Piſton AB K I (Fg. 84.) into 
the Barrel of the Pump CD F E, which is narrower 
towards the Top, and as we fee in the Figure at I 
H, the great Friction of the Water along the narrow 
Pipe GI H, ſtops conſiderably the Force of the 
Impulſe to make the Water contain d in AB ET 
paſs out, and it would paſs better if that Conduct 
vent only to I, and much better if the Conduct 
was larger than the Barrel of the Pump * he 
Wo ues iſton 
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Piſton plays as L MN O, which it will be neceſſary 
to confider when one raiſes Water by Pumps to great 
r 

In ſhort, we may carry 1 very high accord ing 
to the following Method. Have a Cy lind rick Veſſel 
of Copper ABC (Fig. 85.) round at the Top about 
Two Loot in Height and 8 Inches Diameter, and 
fix'd firmly and cloſe upon a Plane of Wood or 
Iron, £7c. Have on the Side a Syringe or Barrel 
of a Pump DE F with its Piſton Q N, and a Sucker 
or Valve at the Botrom, as one uſually makes in 
Pumps, and let the Piſton in going down with the 
Force of one or Two Men, make the Water by its 
Preſſure to enter into the Veſſel thro the Pipe G H 
furniſh'd with a Sucker at H, as has been taught 
in the Beginning of this Treariſe : Fix to the Side 
of the hollow Cylinder or Veſſel another Pipe I L, 
curve towards the Top, where there is an Ajutage 
of 12 Lines at its Extremity L; if we fit afterwards 
to the Two ſides of the Veſſel two other Pumps 
like this, we ſhall be able to make a great Quanti- 
ty of Water go in this Veſſel. The Piſtons may be 
fix d to Ends of Levers as N to have more Force, 
being fix'd to the Fulcrum or Center of Motion at 
O. When you make the Piſtons play by means of 
the Levers, the Water will go into the Veſſel A B C, 
and paſs at firſt into the Tube I L with a moderate 
Force; but in continuing to work, we {hall force 
in ſo much Water, that it will not be able w go out 
all thro* the Ajurage L; then it will riſe as far as 
P, and condenſe the Air inclos'd in the Top of the 
Vellel ; and if we ſtill ſend up the Water with more 
Force, it will riſe up higher, as to R, condenfing the 
Air more and more: And when it ſhall be condenſed 
8 Times more than uſual, it will preſs the Water 
RS HI to make it go out thro K, as if there was 


* 
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7 Times'32 Feet of Water above H I, that is to ſay 
224 Feet, which would make a Jet of Water thro? 
the Ajutage L of more than 120 Feet in Height. 
But it is neceſſary that the Three Pumps ſhould fur- 
' niſh Water enough; for the Ajutage L of 12 Lines 
will waſte more than 64 Inches of Water. 
The Air being condens'd in proportion to the 
Weights with which it is preſs'd, if we make a Ma- 
chine A B (Fig. 86.) compounded of a Trunk EF GH, 
full of Water as far as the Line I L, a little below 
EF; and à Pipe M N, which is well ſolder'd at 
M and O to the 2 Plates EF, G H, which make 
the Top and Bottom of the Trunk, to hinder the 
Air from going into it; the Trunk EG will ſerve 
for 4 Reſervarory. F ; 
It is neceſſary, however, that there ſhould be 
another Trunk equal to the firſt, as CD TK, full 
of Air, to which the Pipe MN may be ſolder d. 
When we = the Water thre M, it will go 
down'thro'N, as far as to KT; and being riſen 
up as-far as PQ, the Air contain'd in the Space 
QP CD. and in the Pipe X Y, open at X, and 
well ſolder'd to the Two Trunks, will not be able 
to go out thro A; and will be condens'd by degrees, 
till there be made an Æquilibrium between the 
Weight of the Water in MN, and the Spring of 
the included Air. 9 0 | * 

For Example: If the Water be rais d to RS, the 
Air eontain'd in the Space CDSR, in the Pipe 
RY, and in the Space EIFL, will be condens'd 
by the Weight of the Water MS, and will preſs 
the Water IHGL: Then if we open the Ajutage 
A; whoſe Pipe deſcends near to H G towards V, the 
Water will ſpout to the Height A Z, equal to very 
near the Height MS; becauſe the Air preſs d by 
the Height of the — MS, makes the on 
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fort upon the Mae IG, as if the Pi 
of Water, was above the Water IL: And the Wa: 
ter which ſhall fall from the Jer ſhng thro M, 
will re-enter into the lower Trunk; and by this 
means the Jet will laſt till all the Water, which 
reach d from the Extremity V of the Pipe AV, to 
the Extremity Y of the Pine XV, be gone our in 
ſpouting. 

This Machine is call d Fons Heronis, or Euros 
Fountain ; which he deſcrib'd in his Treatiſe enti- 
tled De Sprritalibas, according to the Tranſlation of 
Commandinus. 

We may make this Water ſpou t much higher, 
by increaſing the Height of the Pipe MN. 

The Beauty of Jets of Water confiſis in their 
Uniſormity and Tranſparency, at the going out of 
the Ajutage, without ſpreading but very little, and 
that to the higbeſt Part of che Jet. We have try'd 
ſeveral ways of making the Ajutages; of 2 
there are ſome — 0 to be preferr'd to 
others, ſor ſeveral Reaſons. The worſt Sort are 
thoſe which are Cylindrical ; for they retard very 
much the Height of ens The Conic retard it 
lefs. But the beſt way is, to bore the Horizontal 
Plane, which ſhuts Extremity of. the Pipe of 
Conduct, with a ſmooth 2 55 Hole r ta- 

plane, n 


and uniform. | 

Here follow ſome Experiments, thr I have made 
relating 0 this. | | 

Having a Pipe of Tin, ABC, of 15 Fest in 
2 ,- and having bor d it in B with a Hale of 
3 Lines, the ſet was perfectly fine, and went 14 
Feet; But the Pipe having been made higber, 
even. 10 27 Feet, and having made in it a Hole 


o 6 Lines, the Jet n n 


201 E 


«MS, foll 


HT DROSTATICES. 11 


very much, and dividing it ſelf into ſeveral Drops 3 
becauſe the Water which ſupply'd the Jet was 
thrown acroſs with Force, as we ſee in the Second 
Scheme of the Figure, which repreſents the Part 
B C of the aforeſaid Pipe. For the Water ED 
and FD, which comes thro* the Sides, hath a great 
Velocity croſs-ways, which carries it to DL and 
DM; and GD is carry'd to DN, and HD to 
DO, which makes the Tet ſpread : Becauſe rhe lit- 
tle Water which comes directly from P to D, is 
not ſufficient to make the Jet upright again. 
To remedy this Inconveniency, I caus'd an Aju- 
tage of an Inch long, and one Inch Bore, to be 
fix d to D, as we ſee in the 88th Egurt; where 


BCD repreſents the Part BCD of Fg. 86: We 


bor d the little Pipe with a Hole of 6 Lines, ma- 
king DQ riſe to Q; then the Jer was finer, and 
roſe 3 or 4 Feet higher. 11 

'» Aﬀerwards I caus'd the End of the Condu 
Pipe to be made, according to the Curve Figure 
ILMNOP,: in the 89th Fig. the iſt Scheme; 
and in the Plate QP, I caus d an Ajutage to be 
made like the 2d Scheme : It was -2 little Conick. 
But there was an inward Plate, tepreſented by 
EQ, which left a Hole of one Inch in the Mid- 
dle; and the upper Plate AI B was bord in I, in 
Middle, with a Hole of 6 Lines; which was 
made, that there might be no Friction but in rhe 
Plate EQ within ; for there could be bur very little 
in EA and BO. But that ſucceeds very ill: For 
the Ter went not ſo high, and ſpread more than it 
had done thro* a plain Conic Ajutage, which might 
from the different Motions of the Water; 
which having paſs d thro' QE, firuck the Plats 
AB with Violence on the Side of its Hole, and be- 
ing reflected, 9 Remainder of the vo 
2 P 2 
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from going out ſtreight. At laſt I caus d a Plate to 


be made well poliſh'd in PQ, bor'd with a Hole 
of 6 Lines very round, and poliſh'd : Then the Jet 
was very fine, and; role 32 Feet ; the Reſervatory 
being 35 Feet 5 Inches, whereas the other Jets roſe 
but to 27 or 28 Feet: Which happens, becauſe 
the Water takes the Direction of its Motion from 
R, and that there comes very little of it laterally 
from the Sides Y and Z, which however contributes 
to the Direction of the Jet; the Plate being well 
liſh d, and the whole being equal on the one 
Side and the other, and ſtopping equally the lateral 
Motion one of the other. Now the jet roſe thro 
ae 22 Feet without being ſeparated, un- 
leſs in falling down again; and was ſtopp'd very 
little at the Top, when it went 32 Feet, and much 
leſs than thro' the other A jutage. 
T have ſeen a Plate bor d with a Hole of 4 Lines 
and 6 or 7 little ones about, which made a kind of 
Wheat-Sheaf ;. all the Jets of which were 
fine and tranſparent, and that of the Middle roſẽ 


* 


riſes the Reaſon of which is, that they loſe their 
Velocity by degrees: And becauſe it is the ſame 
Water, which by reaſdn of its Viſeouſneſs keeps uni- 
ted without ſeparating; it muſt needs take up 
more Room in the Place where it goes leis 
ſwift „accord ing to the Proportion of the Velo- 
For the ſame Reaſon, the Water which runs 
12 a Hole of 5, or 6 Lines, when it is in the Re- 
Jetvatory only at the Height of 3 or 4 Inches, 
5555 ee narrowing , till it is - reduc'd into 
Tops, Wi 


P: the 5 Water is become too 
ail. all; For there ought to be only the ſame Quan- 


moi 2 J tity 


Ihe Jets widen neceſſarily in Proportion as the7ß 
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tity of Water in all the Spaces that it runs thro' in 
falling; which in equal Times are to each other, 
as the odd Numbers in their Series; from whence 
ve ſee, that the Thread of the Water would be- 
come at laſt finer than a Hair. But before it comes 
to this, it is ſeparated and divided into Drops,” 
which always accelerate their Motion, till they have 
acquir'd their greateſt Velocity. 
e muſt not regulate the Expence of the Water 

by the Height of the Jets, but by the Velocity of 
its going thro the Ajurage. Now in the Ajutages 
of one Line, or of two Lines, the Jets do not go 
ſo high at the ſame Height of the Reſervatory, as 
thoſe of 5 or 6 Lines; and nevertheleſs they ſenſi- 
bly give Water in Proportion to their Bores, as we 
have feen UF i 00 
Io know the Cauſes of theſe different Effects, 
we muſt conſider, that the little Globules are to 
the great ones in a Triplicate Ratio of their Dia- 
meters: But they are retarded in their Motion by 
the Air, according to the Surfaces of their great 
Circles; and they force that Refiſtance of rhe Air, 
accord ing to the Differences of their Weights, as 
has been explain d before. From whence it hap- 
pens, that if we ſhoot a Muſket charg'd with 
Balls, and with ſmall Shot ; the Balls will go far- 
ther than the ſmall Shot, tho' they go out of the 
Muſket with the fame Velocity, as we have ex- 
plain d. | 2 .N 2:3 
The ſame Thing ought to be underſtood of the 
{mall and great Ajutages, which have the ſame” 
Height of Reſervatory : For tho' at the going out 
of the Ajutages, they go within a little near as 
faſt one as: the other; when they ' paſs thro very 
much Air, the ſmall : Jets are retarded from their 
going out to their 2 Height, much 1 in 
. 3 ro- 
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Proportion than the great Jets; and conſequently - 
the great ones will go much higher than the little 
ones; but they will not give more Water in Pro- 
portion or at leaſt much more; ſince it ought to 

eſteem d only by tbe Velocity which the Jets 
have at their firſt going out of the Ajutage, which 
is within a little nearly equal in the little and great 
Ajutages. | 

When we have a Jet of Water ſupply > by 2 
ſufficient Quantity of Water, and that we bore the 
Pipe of Conduct with a Hole equal to that of che A- 
Jurage, to make uſe of the Water which goes out 

rom it ; we ſhall find the Diminution of the firſt 
Jer after this manner. 

Let ABCD (Fg. go.) be a Reſervatory 13 
Foot high above the 5 utage H of 6 Lines Bore; 
the Jet ought to riſe about 12 Feet and a half, if 
the Condu be 3 Inches Diameter. We make 4 
Hole in I of 6 Lines, from whence the Water I E 
goes out: The Jet HM ſpends 4 Inches of Water, 
- the Rules which have been given. And becauſe 

ought to _— out near as much thro' the Hole 
pb Conduct is too narrow to give the fame 
Rien to two Jets equal to HM : Wherefore as 
oon as we let the” Water I L run out, the 
Jet HM will diminiſh a little: And becauſe the 
two Holes Hand I give yery near 8 Inches, and that 
the Water NO, which ſupplies the Water in the 
Reſervatory, 1s but 4 Inches by Suppoſition, the 
Reſeryatory will be empty'd by degrees, if it be 
very ſpacious; and very quickly, if it contains but 
Half a Barrel, or 100 Pints. The Water then 
muſt needs deſcend in the Pipe, till tlie Jet HM 
Siyes but 2 Inches: For then the Hole I giving alſao 
2 Inches, all the Water N O will be employ d. 
Now 13 Feet i to 1 its 1 6d $4 28 610 31 
a | there: 
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therefore the Height of the Water being P Q of 
3 Feet; above H, the Jet will only riſe to 3 Feet, 
2 Inches, and ſome Lines, according ro the Rules 
beforemention d: And conſequently, we ſhall ſee 
the jet H M decreaſe, till it rifes no higher than 3 
Feet, 2 Inches, and ſome Lines; and the Water 
NO will keep up the Height of the Water, to the 
Height QP. OT 2 

And if we ſtop the Hole I, the Jet thro' H will 


begin to increaſe, till it comes to H M ; and at the 


fame time the Water of the Conduct will rife 


above B, till it is in the Reſervatory AH, at its 


firſt Height. We ſhall obſerve the ſame Rules in 
other Caſes of the like Narure. 2 
If the Heights of the Reſervatories were ve 
Freat, the Jets. would be diſſipated by their violent 
Impulſe againft the Air ; and inſtead of ſpoutin 
higher than the Jets of ſome Reſervatories not ſo 
high, they would very much fall ſhort of them. 
? made the following Experiments for that Pur- 


* 
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EXPERIMENT I. 


I charg'd a Croſs-Bom with a ſmall Pipe of an 
Inch Diameter, and 6 Inches long, held faſt in the 
Notch of the String; and having bent it, we 
rais'd it perpendicularly, and fill'd the little Pipe 
with Water ; the Water being impell'd by the Force 
of the Bow, went out, and meeting with the great 
Reſiſtance of the Air, was very much diſpers d. 


Thoſe that ſtood by did not ſee the Jet mount; 


but ſaw a great many ſmall Drops fall down, ſpread- 
ing to the Circumference, of above 20 Foot round 
Him that held the Croſs-Bow. ; who affirm'd, that 
he ſaw the Water mount to about 30 Foot. Now 
s P 4 this 
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this Velocity agrees with a Reſervatory of more 
than 600 Foot, whoſe Jet ought to be 300, accord- 
ing to the Rules. do | 


EXPERIMENT IL 


T caus'd a Piſtol to be charg'd ſeveral Times with 
4 Inches of Water, inſtead of Bullets; which Wa- 
ter being ſhot againſt a Door at 20 Foot Diſtance, 
elevating the Piſfol to an Angle of about 45 De- 
grees, to prevent the Water's falling; there did 
not ſo much as one Drop reach the Door. I 
caus'd it ro be ſhot a ſecond Time, at 10 Foot Di- 
ftance ; but twas ſtill the ſame ; And when the 
Perſon that ſhot advanc'd, and lock d directly up, 
he felt little Drops of Water fall upon his Face. 
Then again we ſhot it againſt a Piece of Paper, 
plac d at the Top of the Door, at 7 Foot Diſtance 
and the Paper was all wet : Therefore we found, 
that the Water os it ſelf to 2 Foot, Diame- 

ter: For having ſhot another Time at 8 Foot Di- 
ſtance, the Paper was not wet. Now if we calcu- 
late this Water as a Cylinder of 5 Lines Diameter, 
and 4 Inches long, and divide the Product by a 
Surface of. 2 Feet Diameter; we ſhall find, that its 
Thickneſs will not be above; of a Line. For the 
Solid of the Square of 5 by 48, is 1200; and the 
Solid of the Square of 188 Lines by , is a little 
leſs than 1200 Cubic Lines; and the exact Cylin- 
der is 943 Cubic Lines, and that which has 2 Feet 
Diameter for its Baſe, is 931. It happens then 
that the Water being reduc'd again to a much leſs 
Thickneſs, as when it was ſhot from a 10 Foot 
Diſtance, it ſeparated into little Drops; ſome of 
which roſe op in Vapours, and the reſt fell down 


gain; but they ate imperceprible, wo 
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We ſee the ſame Effect in the breaking of a 
Bubble of Soap'd Water : For thoſe Particles of 
Water that are too ſmall], riſe up in viſible Vapours, 
and the others fall down. 

A Thread of Water coming out of a Hole of 
Half a Line, by a Preſſure of Water from 100 Feet 
81 meeting with the Hand in ſpouting aſlope, was 
alſo turn'd into Vapours. 

It may be objeQted, perhaps, that if Water was 

ſhot out of a Cannon of a Foot Bore, the Water 
would go much farther than 10 Feet; I grant it. 
But it will not go 100 Feet; as may be prov d, and 
Now this Velocity is ſo great, that no acceſſi- 
ble Reſervatory can produce the like. For fince the 
furſt Velocity of the Water that ſhould go out of it, 
will go 1000 Feet in a Second, as Sound does ; let 
us ſuppoſe the Reſervatory to be 10000 Foot high ; 
and that the Velocity of a Globe of Water of a Foot, 
ſhould be ſuch as to make it fall 13 Feet in a Se- 
cond ; it would go 26 Feet horizontally : The Pro- 
duct 13 multiply d by 160co, is 130,000 ; the 
Square Root of which is about 360: As 13 is 
to 360, ſo is one Second to 28, or very 


If we ſuppoſe then that a Globe of Water of 
a Foot, accelerates according to the Series of the 
odd Numbers, which it only. does for a ſmall Di- 
ſtance ; it will fall 10000 Feet in 28 Seconds, and 
go 20000 Feet horizontally, with an uniform Velo- 
City, equal to the Velocity acquird in 28 Seconds ; 
and in one Second about 714 Feet, which is a Ve- 
locity leſs than that produc'd by the Powder in the 
Cannon. But as there is no acceſſible Place of 
10000 Feet high, ſo we cannot ſee the Effect of 
ſuch Water Jets. Beſides, this Height of nous 
| cet 
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Feer ſhould n a Hole of 1 Foot almoſt 4512 
Inches, which would make too confiderable 2 River 
to be at ſo 2 Height. 
We muſt then conſequently believe, that the 
ne es will not go 300 Foot; for the Reſer- 
about 600 Foot high, the Jet oughr to 
about 6 Inches Diameter, and the Conduct e ought 
to 9 20 Inches Diameter, and it ſhould give 16128 
Inches, which is yet too great a Quantity of Water; 
and therefore it ought to be reduc'd to 100 Foot 
high,” and about 12 or 15 Lines Ajutage ; for tho' 
it ſhould rife quite 150 Foot, it would ſcarcely 
then appear __ to the Sgt at 20 Foot A, 


ee ohn L:2 


of the Height of oblique Jets gt and of 
their Amplitudes. _ 


1 H E Jets that ſpout horizontally, or obliquely, 
as in the 91ſt Figure, deſcribe a Curve Line, 
which is a Parabola, or a Semi-parabola, of which 
Toriceli has given us the Demonſtration after Gali- 
eo; but we muſt abftra& the Reſiſtance of the Air; 
> if the Jets are feeble, the Curve Line will al- 
— * a Parabola, by reaſon that the 0 
Veloci "hath that the Accelerati 

of the Velocity of the op that falls, or the Dimi- 
nution of that which ſpouts, is made ſenſibly 5 
ing to the odd Numbers, And likewiſe i in 
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ling Velocities of Jets, their Curvity comes very 
near to a Parabola; becauſe if on one Side. the 
horizontal Direction be retarded by little and little, 
and does not go with an uniform Motion, the Accele- 
ration alſo will not go according to the odd Num- 
bers at the End of the Fall, but will be retarded by 
the Reſiſtance of the Air, as] have explain d before: 
And thus one of the DefeAs recompences the ot her, 
as we ſee in Fig. 91, where the true Parabola is 
ABC, if in 3 ſmall Intervals of equal Time the 
moving Body runs horizontally over the 3 equal 
Spaces A E, E G, G D, and that it runs over A F 
in deſcending the firſt Time; I M, which contains 
3 times AT in the ſecond Time; and in the Third 
MN, which contains 5 Times A I. Bur if the Re- 
ſiſtance of the Air, inſtead of its going to D, ſhould 
make it go no farther than H, then in theſe 3 
Times alfo the Refiſtance of the Air will hinder it 
from deſcending in the ſame Time to N; therefore 
it will go no further than K, and by drawing the 
Parallel K L, which will croſs H F at L, a little 
within the Curve AB C: The Curve Line A O L, 
which will be deſcrib d by this Motion leſſen'd in 
Proportion (which is not true, however {triftly 
ſpeaking) will be another Parabola within the Eſt 
ABC. From this Property of Bodies that move in 
the Air, we did deduce the following Problems. 


PROBLEM. 


The mean Height of 4 Reſervatory being given, and 
the Fer being oblique, to find where it will fall upon 
rater oe OI IR 
Let A B (ig. 92.) be the Pipe of the Reſerva- 
tory, C the Ajutage, C D a Line Parallel —_ 

l E E ET 1 
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DEC a Semi-circle, of which H is the Center. 
Galileo and Tarricelli have demonſtrated, that if 
the Direction of the Jer coming out of the Ajutage, 
8 * 1 E, winch ay oy, 7 the Angle 
E C, with the perpendicu , of 45 Degrees; 
haying continued H E, ndicular to D C, to F, 
ſo that E F be equal to H E half the Diameter of 
the Circle, the Point F will be the Vertex of the 
Parabola E F G, deſcrib'd by the Jet; as is ſeen in 
the Figure; CE will be the Tangent of that Para- 
bola at the Point C, and CG the Amplitude of the 
Parabgla, and the Double of H F or CD. it 
If another Direction is given to the Jet, as CL, 
vou mult let fall the perpendicular L M, upon CD; 
and M LN being the double ef M L, the Point N 
will be the Vertex of the Parabola, which will be 
deſcrib d by the ſet, of which C R will be the Am- 
E. equal to twice MN, and the ſame in re- 
pett to the other Directions. From whence it fol- 
lows, that if the Angle L C E is equal to the Angle 
ECO, the Jet, with the Direction C O, will go 
as far as with the Direction CL; and QOP being 
qual and parallel to M L N, P will be the Vertex 
o the Parabola of that Jer, and they will meet in 
the horizontal Line CG, at the Point R, becauſe. 
their Amplitude, the Quadruple of M L, or the 
Double of M N, will be common to both. __ 
The Jets of Bombs full of Powder follow the 
ſame Rule; from whence it follows, that if it has 
been found by Experiment, that a Bomb, whoſe 
lleyation is about 45 Degrees, goes about 50 Fa- 
Yor in h or Diſtance, it will go perpendicu- 
larly 250; for if CG be 500 Fathom, and the 
Bomb has deſcribed the Parabola C F G, it will riſe 
but to the Height C D, which is the Diameter of 
the Semi-circe, which conſequentiy will be 270 


Fathom, 
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Fathom, which is half the Amplitude C G, of the 
Parabola LF G; but you muſt confider, that the Re- 
ſiſtance of the Air alters theſe Meaſutes a little: 
For there is more to be gone thro” by C F G, than 
CD ; ſo that the Bomb will go a little nearer in 
Proportion . to the Point D, than to the Point G. 
And for the ſame Reaſon, if the Direction of the 
Bomb was CL, and it fell at the Point R, it would 
go a little farther in the Direction C O, becauſe 
there is more Air to beat thro' in the Parabola EN R, 
than in that of CP R. Here follow the Experi- 
ments that I have made with Water, which muſt be 
_ retarded by the Air than a Ball of Iron, or a 
In the foregoing Figure, ſuppoſe A B C to be a 
Pipe of 6 Foot high from the Surface of the Water 
at the Height D in the Reſervatory, to the Ajutage 
C, the Direction of the Jet CFG was of 45 De- 
grees above the Horizon; and by what has been al- 
ready ſaid, CG, which was the Amplitude of the 
Parabola, ought to be of 10 Foot; bur the Jet erred 
towards the End, and that which came the neareſt 
to 10 Foot, reach'd to 9 Foot 10 Inches, and conſe- 
quently the Jer wanted but , that is, 2 in 120. But 
having made the Experiment upon greater Heights 
of. Water, the Jet diminiſh'd more of its Amplitude 
in Proportion, by reaſon of the great Reſiſtance of 
the Air; and that Diminution ought to be in Pro- 
portion. to that of different Heights of the Jers; 
and ſo we muſt take the Double of the perpendieu- 
lar Height of the Jets, to know the Amplitude of 
the Parabolical Jet at the Elevation of 45 Degrees. 
Jets of Quickfilver have the ſame Effect, but 
their Ends ſcatter more than the Jets of Water; the 
Reaſon of which is, that the upper Mercury B F 
(Hg. 93.) ſlides upon the under CE D, by its — 
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curry which is at E, deſcends by its own Weight, 


and by the Shock of that which is uppermoſt, 
which is the Reaſon that the Drops of ler- 
eury are much ſeparated from one another be- 
tween D and F, and from the Top to the Bottom; 
but — don't widen i in Breadth. And if you place 
Eye in the Plane of the Direftion of the Jet, 

— will appear like a Stream all of the ſame Bigneſs 
IX it id when it went out at the A jutage; 
ſe, not opening when it 33 the 2 


To prove by Experi 
Bodies make their Parabola's greater, e 
2 Ball of Steel to a Thread of 42 Inches, or 3 


| re an Arc of 50 


| let it go; it returned, after having ri- 
on the other ſide to 49 Degrees 45 Minutes; 
e Arc of the 25 Minutes which were wanting, 
6 Lines broad, and conſequently it loſt bur 
-2 Line and a half in falling to the Point of 
Ius d albetveards a Ball of "Was of the ſame 


at t 
much by Reſiſtance of che Alf, mixhoScel Ball, 
N is nearly in Proportion to the ane 


woe Water to Steel. 

hen in a Pipe the Holes aue higher one than 
another, and the Jets horizontal, one may know the 
Length of the Jers by erm agar mare pe nee 


MAB (T. 540) be e Cylinrc Yell, 5 


of another Form, having Holes — and ar, 
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the Water being always kept at the Height A B; 
H. Lis an horizontal Plane, and you have a Mind 
to know where the Jets F and G will fall upon the 
Plane HJ We ſuppoſe that the Side of the Pips 
B F G H, in which the Holes F and G are made, 
is perpendicular; upon the Line B H for a Diame- 
ter, having deſcribed the Semi- circle BLK H, let 
there be drawn F L and GK, Perpendiculars to the 
Line B H, as far as the Semi- circle at L and K; 
and having made H I double of G K, and HM 
double of F L, the Jets will deſcribe the half Para- 
bola's G J and F M, as has been already ſaid; from 
whence it follows, that if N be the Center of the 
Semi-circle, the Jet that ſpouts out at N will go 
the fartheſt of all, becauſe the Line N O, which is 
half the Diameter, is the greateſt of all the Ordi- 

_ nates, as I K, F L: And if you take equal Heights 
above and below N, the Jet will fall at the fame 
Point upon the horizontal Line H I. 

If you have a mind to know what Height the 
Water ſtands at in a Veſſel or Reſervatory AB CD, 
you muſt make a Hole ſomewhere or other, as at G; 
and having marked ſome Point I, thro which the Jer 
—91 ler the Line H I be drawn Level thro' the 

oint I, and thro' the Point G, the Line GH, per- 
. to IH. Having cut off HI in two equal 
Parts, of which one half is G K, let there be found 
the Line G B, the third Proportional (in continued 
Proportion) to & H and G K; the Line G B is the 
Height of the Water in the Reſervatory above the a 
| Opening G, which is but the Converſe of the fore- 
| going Proportion; as it is eafily ſeen, if you ſup- 
poſe that the Height of the Reſervatory above the 
horizontal Plane HI, be H B, and the Hole of the 
jet be at G; for according to the 3 of 
mes 
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oimetry, becauſe of the Semi circle, the th 
Lines G H, GK, and GB, are in continued I 


. Lad 
& 
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r0- 


portion; which agrees with what Galileo hath de- 


monſtrated in his 3d Propofition of the Motion of 


Projefti 


tionals between the Height of the half Para 


and the He 


z where he ſays, that half the Ampli- 
tudes of the Parabola's of the Jets are mean Propor- 


ight of the Liquor above 


the Opening"or 
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P ART v. 
Of the Conduct of Water and the Reſoft- 
is ance of Fipes. 2%, 
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HEN Water that ſupplies Jets, paſſes thro* 
a long and very narrow Tube, the Velocity 
of the Water is ſtopp'd by the Friction; of which 
an Experiment was made after the following Manner. 
AB CD (Pg. 95.) is a Pipe 6 Inches Diameter and 
6 Foot high; the Pipe CE is 3 Inches Diameter 
and the Pipe G F an Inch. Three Holes were made 
at the Points H I L; that at H was Two Lines wide, 
that at I 4, and the laſt at L was 8 Lines wide, In 
the other Branch F G, the Holes KN M were diſpo+ 
ſed after the ſame Manner in reſpect to the Nearneſs 
to the Tube A B C D. The Pipe A D being full; Llet 
the Water ſpout:ſucceſſively thro the Three Holes H I 
L, the other ſtill continuing ſhut; the Jer at L roſe 
the higheſt; that at I next, and that at H ſpouted 
the leaſt Height of the mn On the other Side, 


the 


7 
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the great Hole M roſe to the leaſt Height, that at 
Na little higher, and the little one K the higheſt 
of the Three. Twill not be difficult to know the 
Reaſon of theſe Effects if you conſider that a great 
deal of Water goes out at the Holes L and M, and 
that to ſupply it the Water muſt go faſter thro the 
narrow Tube than thro' the wide one, which cauſes 
a conſiderable Friction that retards the Velocity 
of the Water, and hinders it from running faſt enoug 
to ſupply the Ajutage. Bur in the Holes H and K, 
as the Velocity thro” the Pipes is 16 Times leſs than 
when the Water goes thro L and M, the Friction in 
the narrower Pipe is inconſiderable, and does not ſen- 
ſibly retard the Jet K more than the Jet H, and they 
both riſe Nen to the ſame Height : It follows 
likewiſe, that if you diminiſh the 2 Holes 1 and N, 
for Example each of them a Line, then the Jet thro 
I will not riſe ſo high as it did, and that thro' N 
higher; becauſe there will be leſs Friction in the 
Pipe F G, that overcomes the Defect from the Air's 
Reſiſtances and in the Pipe C E this Diminurion of 
Friction will. not be conſiderable, but the Reſiſtance 
of the Air: will be a little greater than in that of 4 
Lines 3 chis it is thatihas deceived ſeveral Perſons 

that have made their Experiments in narrow Pipes 
as FG „ and they with? the greateſt Part of the 
Fountain Makers have concluded that Water roſe 
higher thro narrow A jutages than thro* wide ones; 
which is contrary to Reaſon and Experiment if the 
- The ſame Thing happens when the Ajutages are 
Sor 7 Inches long, or even 2 or 3 Foot, che er will 
be higher chro'“ a plain Hole in a Plate not 
above à Line or a Line and a half thick. The Ex- 
periment will be eafily made, if you have a Pipe 
of or 7 Inches Diameter, as AB CD (He. _ | 
wits 4 an 
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and in the Pipe E F of a ſufficient Bore, 2 equal 
Holes be made at G and at H; the firſt having the 
Ajutage G I, and the other only the Thickneſs of 
the Metal: For you will fee that the Jer thro 
H will go much higher than thro' G I, and the 
more you diminiſh the Height of I G, rhe nearer 
will its Jet riſe to that of H: Whence it follows 
that the long Ajutages that are commonly put to 
the Mouths of Dolphins in Fountains are very de- 
fective; and tho the Ajutage ſhould be a little co- 
nical, the Jet will ſtill be retarded ; of which take 
the following Experiment; A Glaſs Pipe a Foot 
in Height and an Inch Diameter, having a Hole 
of Two Lines and a half, ſpouted only 10 Inches ; 
high, when there was a little Cone in it; but 
when it was made without a Cone it ſpouted 11 
Inches and 3. ry | | 
To regulate the Diameters of Pipes of Conduct 
according to the Height of the Reſetvatories and 
the Bigneſs of the Ajutages, I made the following 
S A . 

At Chantilly there is a Conduct Pipe made of Pie- 
ces of bored Oaks; the Bore is 5 Inches Dia- 
meter. The Height of the Reſervatory is 18 Foot, 
and the Slope of that Pipe to the Horizontal Ca- 
nal is near 104 Fathom. Having cauſed the Wa- 

ter to be taken out of the Canal, I pierced one 
of the Pieces of Oak at Top, and put an Ajutage 

of 10 Lines in it, the Water being kept in at the 
Bottom, the Jet roſe 15 Foot, ſo that the Length 
of the Pipe and the Ajutage was ſome little Ob- 
ſtruction to it, for according to the Rules it ought 
to ſhout near 17 Foot, I put another Ajutage 80 
Fathom lower in- the ſame Pipe which 1 made to 
ſpout alone, and it did not rife quite 14 Foot; 
which may be attributed to a Deck in the Aju- 
— 11 : Q 2 | tage, 
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tage, which was not made ſo well as the other. 
J afterwards let the Two Ajutages ſpout together, 
and the Jet neareſt the Top went but 12 Foot, 
and the other but 11; which ſhewed that a Pipe 
of Conduct 5 Inches Diameter is not ſufficient 
for an Ajutage of 14 or 15 Lines at this Height 
of the Reſervatory, or for Two of 10 Lines each. 

I ftopp'd the Holes and let the common Jet ſpout. 
which is on the ſide of the Canal, and rais d 2 or 
3 Foot higher, at the ſame Diſtance from the Re- 
ſervatory as the laſt Hole; the Reſervatory was 
not quite 16 Foot high above the Ajutage which 
was conical, and 12 Lines in Diameter; it ſpouted 
about 14 Foot; whereas according to the Rules it 
ought to have ſpouted a little higher than 15 Foot; 
which proceeded without doubt from the Ajutage 
being made Conical, as has been demonſtrated. 

I made other Experiments with the Pipe of 50 
Foot beforemention d, with a Ciſtern at the Top a 
Foot high: I fix d at the Bottom of it an horizon- 
tal Conduct Pipe, of the ſame Breadth of 3 Inches, 
and 40 Foot long; at the End of which I put an Aju- 
tage of 6 Lines, and the Jer roſe. as high as when 
it was but a Foot from the deſcending Pipe ; the Jet 
likewiſe produced the fame Effects, namely, after 
having ſpouted at firſt to a certain Height, it dimi- 
ſhed it by little and little about a Foot; and the 
Water being got to the Bottom of the Ciſtern, the 
5 again and went a little higher than at the 

inning, and thus an horizontal Pipe 40 Foot 
whoſe Ajutage was 6 Lines. „„ 
It has been found alſo by Experiment, that an Aju- 
50 of 7 Lines did not ſpout leſs high, than that of 
6 Lines, at 35 Foot from the Reſervatory, with a 
Fipe of Conduct 3 Inches Diameter, and fo. 1 


long and 3 Inches Diameter, did not diminiſh a Jet 


3 PX - 
— 


HyDROSTATICKS. 229 


Pipe of 3 Inches might have 52 Foot in Height for an 
Ajutage of 6 Lines: It may then be taken for a 
fundamental Rule, that a Reſervatory of 52 Foot 
ought to have a Conduct Pipe of 3 Inches Dia- 
meter, when the Ajutage is 6 Lines; and that the 
Jet will riſe to the greateſt Height that it ought 
to have. 1 

To compare the Breadth of this Conduct Pipe, 
with that which Reſervatories ought to have, 
and the Breadth of the Ajutages, make uſe of this 
Rule for Proportion. 4 1 5 
Ae the Number of Inches which one Jet gives, 
is to the Number of Inches which another Fet gives; 
% ig the Square of the Diameter of the Condu#. 
Pipe of the Firſt, to the Square of the Diameter of 
the Conduct Pipe of the other. | 
This Rule is founded upon this, That the Veloci- 
ty of the running Water be equal in both Pipes, 
that there be no more Friction in one than the 
other. But if the Number of Inches he Quadru- 
ple. the Section of the Bore of the Conduct 
muſt be four Times greater, that the Velocity in 
the Pipes may be equal. | | 

Accord ing to this Rule, if you would know what 
Diameter you muſt give your Conduct Pipe, to have a 
Jer of 100 Foot thro an Ajutage of 12 Lines you muſt 
take a Height of 52 Foot, which thro an Ajutage of 
6 Lines, having the Pipe 3 Inches Diameter, gives 8 
Inches; and that becauſe of the Table of the Heights 
of Jets, the Reſervatory of a Jet of 100 Foot, ought 
to be 133 Foot ;, you ſay that as 52 is to 133, {0 
64 the Square of 8 is to 170; and the Square Root 
of 170 being 31 pretty near, you ſee that a Re- 
ſervatory of 133 Foot thro* 6 Lines will give 13 
Inches, and thro' 12 Lines of Ajutage 52 Inches 
of Water. Then as 8 K. 52, i 9 the _—_ 
17 | Q 
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of 3, which is the Diameter of the Pipe, ought to 
be to 58 + whoſe Square Root is 7 3 pretty near; 


which will be. the Diameter of the Pipe that was 


ſought, but for” greater Security you may give it 8 
Inches. ; „„ 
When the Ajutages are unequal; and the Heights 
of the Reſervatories equal, you have no more to 
do than to make the Diameters of the Pipes in 
the ſame Proportion to one another, as the Diame- 
ters of the Ajutages ; for then the Friftions will 
be equal, and the Water will go faſter into one 
of the Pipes than in the other, of which you have 
this Example. _ ax Wo al le 
A Pipe 13 Foot high gives one. Inch- thro? 3 
Eines; then thro 6 Lines it will give 4 Inches; and 
conſequently if the Pipe continued of the ſame 
Bore the Water wou'd go 4 Times faſter and 
wou d have 4 Times as much Friction; to make 
it go as faſt as then, the Square of the Diameter of 
the Conduct Pipe muſt be 4 Times greater, and 
then the Root of this Square will be to the Root 
of the. other as 6 af TY So RES 
There happens an EffeQ ſurprizing enough in 
the Conduct of ſome Pipes at-Channlly. ' 
- Theſe Pipes that are of Wood thruſt one into 
another pais thro*. a little Pond, and afterwards 
thro” a long Canal; whence it happens that if 
you ſhut the Entrance of the Reſervatory all at 
once, and the Water no longer runs in the Pipe 
of Conduct, this Jet of 14 Foot does not quite 
ceaſe, but fill continues to ſpout above 2 Foot; 
ſuppoſing the Entrance of the Reſervatory to be 
cloſe ſhut, this Effect might be attributed to this, 
that the Water running off with great Velocity, 
the Weight of that of the Pond, and the Canal, 
ee the dee that: go e ae eee eee 
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little, and there is a little Aſpiration or ſucking 
in of the Water; as there is a ſenſible Expiration 
of Air, when this Pipe of Conduct being empty, 
you let the Water from the Reſervatory into it all 
at once; for then the Air being preſs'd, forces 
the Pipes, and makes a ſmall Paſſage between thoſe 
that are thruſt one into another. But the Aſpira- 
tion or ſucking in of a little Water from the 
Pond and the Canal, is great enough to ſupply 
this Jet of 2 Foot. 5t-10 noTe 
Thete is likewiſe another extraordinary Effect ob- 
ſervable in the ſame Jet, which is this, if you put 
your Hand upon the Ajutage and hold it there 10 
or 12 Seconds, the Water does not ſpout imme- 
diately after you take away your Hand, but begins 
by little and little to riſe to 3 Inches, then to a Foot, 
and afterwards to 2 ſucceſſively for a conſiderable Time. 
Ia the ſame Effect in Water that ran horzon- 
tally thro* a Copper Pipe: For having ſtopp d it 
with my Hand, imagining that the Water being kept 
in à little Time would have a greater Effort and 
ſpout further, I was ſurpriz d to ſee: featce any 
Water run at firſt, but afterwards it recover d its 
ordinary Force by Degrees This Effect may be 
thus explain'd. o Jen? 49 f eth 
la the Canal of Chantil that inclines à little 
till it comes within 80 Fathom of the jet, the 
Water wou d run very ſlowly if it were not puſn d 
forward by the ſuperior: Water, whoſe) deſcent is 
ene, 00 To i nil 21 Þ 
lf yu fuppoſe now that & B CD is the ſteep 
Deſcent (Eg. 197.) and that the Canal is but half 
full, as from CD to F G, the Water will run there 
Aft enough, and with- the ſame Impreſſion will 
puſh that forwards which is at GH D E, and by 
the Motion that it —— acquired by the Way, 
c 20nd & 4 it 
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it will de carried along pretty faſt to the Entrance 
of the Ajutage, which it fills entirely; and being 
impell'd by the ſucceeding Water, it will riſe 2 
Foot; but when you keep it in, you ſtop its Mo- 
tion, and it even flows back towards B G D, ri- 
fing towards the Top of the Pipe near C; which 


is the Cauſe, that this Water being in its Motion, 


and its leaſt Height at B being leſs than the 
Height from the Point L, it can make no Effort 
to run or ſpout, till after the Motion begins from the 


firſt flowing of the Water, which is very flow. 


Vou muſt take care that your Pipes of Conduct 
be not made with Elbows at Right Angles; for 
the Water in its Motion ſtriking againſt that Part 
of the Tube that is oppoſite to it, endangers its 
burſting, and is conſiderably retarded by the 
If you wou'd have ſpouting Water preſerve its 
Force; for ſeveral Years, you muſt have your Pipe; 
of Conduct a little wider than according to tht 
Calculation that has been made; for they will ga- 
ther Dirt and Filth that will a little retard the 
Motion of the Water, nay ſome Waters carry along 
with them ſtony Particles, that Joining to one ano- 
ther form Stones that ſtop the Pipe. | 

I made the | Obſervation in the Aquædudt of 
Axeemntt; you ſee herein the Obſervatory in the great 
Receptacle-where the Waters are ſeparated, a great 
- in the middle half a Foot high; the Circum- 


ference of this Baſin is of Copper, wherein: were 


made ſereral circular Holes of an Inch Diameter, 
to ſhe the Quantity of Water that there is in 


the Aquæduct; but by Degrees a ſtoney Matter was 


collected in theſe 3 Holes, that at length en- 
tirely ſtoppd them up, not permitting the Water 
any longer to paſs thro them; which is ſurprizing 
q7 1 0 enough; 


: * 
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enough; for one would think that the running Wa- 
ter ſhould carry off the Filth that might gather 
there. | and | 
This is done after the ſame manner that Snow is 
collected on the Sides, or upon the Boughs of 
Trees in miſty and very cold Weather; for the 
Wind carrying along ſmall Particles or Atoms of 
frozen Vapours, drives them into ſome Pores of 
theſe Boughs ; and the firſt retain and hold faſt 
thoſe that follow, and at laſt there is a Collection of 
them 2 or 3 Inches _ © 

In like manner the Water carrying along with it 


ſome ſtony Particles with which it is impregnated 
in paſſing thro' the Earth, fixes ſome of them in the 
Pores of the Metal ; and ſome of thoſe that follow, 
agreeing in Diſpoſition and Figure with thoſe that 
Fuck firſt, Join themſelves to them. A great many 
paſs thro that do not fix: Bur in ſome Years, ſo 
many of them get rogether as are ſufficient to ſtop 
up the Holes entirely, as if it were only one pretty 
hard Stone; ſo that every 50 Years, or thereabouts, 
you are oblig d to take up your Pipes, and make 
them new. 5 is 

When the Conduct of Water in a large Pipe is 
ſubdivided into ſeveral Pipes, to make ſeveral Jets, 
you muſt confider all the Inches of Water which all 
the Jets together ought to give, to determine the 
Diameter of the great Pipe of Conduct, and you 
muſt afterwards reduce them by Calculation to one 
Jet only. | | 5 

BEAM 

The principal Pipe of Conduct is divided into 
fix Pipes, two of which have each of them an Aju- 


tage of 3 Lines Diameter, two others that have 
28517 each 


; 

| 
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each of them 5, one that has 6, and another 8; 
the Height of the Reſervatory is ſuppos d to be 52 
Foot; then if the Pipe be ſufficiently wide, and 


there be Water enough in the Reſervatoty to ſupply 
the whole Expence, the Ajutages of 3 Lines will 
each of them give 2 Inches, — to the Rules 
and Tables above-mention d; thoſe 

each of them give 5 Inches 3, and that of 6 Lines 
will give 8 Inches, and that of 8 Lines will give 14 
Inches and ;: The Sum then of the Expence of 


Water of all theſe Jets will be 37 Inches 3; Where 


fore, according to the foregoing Rule, for a Reſer- 


vatory 52 Foot in Height, the Diameter of the Aju- 
tage ought to be to the Diameter: of the Pipe of 
onduct, as 6 Lines to 3 Inches, or as 1 to 6, 


which is in the ſame Ratio. 


But as in this Example we have only the Expence 
of the Water, which is 37 Inches ; when the Reſer- 
atory is 52 Foot high; you muſt enquire what the 
iameter. of the Ajutage ſhould be that would ſup- 
ply this Quantity of Water; which is found by the 
Rule of the Meaſure of ſpouting Waters in the Se- 
cond Part to be very near 13 Lines; you ſay then as 
is to 6, ſo is 13 to 78 Lines the Diameter of the 
Pipe of Conduct of all the Water, or 6 Inches 3; 
and each of the Pipes will be an Inch 5 wide for an 
Ajutage 3 Lines in Diameter; for by the foregoing 
Rule, the Diameters of the Pipes of Conduct . are 
to each other in the ſame Ratio as the Diameters of 


= 


the Ajutages, the Height of the Reſervatory being 


the ſame ; each of thoſe that have Ajutages of 5 
Lines, will have 2 Inches 34 thati with an Ajutage 


of 6 Lines, will have 2 Inches Diameter; and that 


of B Lines, will bave 4 Inches. And. if the Water 
in the  Refervatory can give ot füpply 37 Inches, 


theſe Jets will ſpout continually] You Will e 
8 | | | t 


5 Lines will 


— — 
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that the Jet of 8 Lines Ajutage will go the higheſt 
of all. To know its Height, you will find in the 
Table of the Second Rule, Diſcourſe the Firſt, Part 
the Fourth, That a Jer of 50 Foot ought to have a 
Reſervatory 58 Foot 4 Inches high; wherefore the 
Jet is betwixt 45 and 50 Foot, and very near 45; 
and if you make the Calculation by the Rule for the 
Jet of 46 Foot high, you will find 52 Foot; for the 
Height of the Reſervatory; whence you may con- 
clude; that the Jet will not ſpout quite 46 Foot, 
tho' the Reſervatory be 52 Foot high. | 


Dis co uns R IL 


7 the Force of Pipes of Conu8, F 4 
©, the Thickneſs which they ought to have, 


Pipes of Conduct are often in danger of breaking, 
eſpecially if the Conduct be thro* deep Vallies ; and 
it would give a Man a good deal of Uneaſineſs, 
after he had been at a great Expence, if ſome Pipes 
{tiould happen to burſt, whether thro the Defect of 
the Solder, or Weaknels of the Pipes. You muſt 
takeicare likewiſe not to uſe too much Lead-or Cop- 
per to make your Pipes very thick, for a moderate 


_ Thickneſs is ſufficient. The following Obſervations 
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Solid and firm Bodies reſiſt a Force that endea- 
Vvours to break them by little Bands, or ſtringy 
Particles interwoven one with another; ſome Bodies 
are eaſy to break, as Ice; others are broken with 
Difficulty, as Iron, Marble, c. 7 
That Force by which a Solid reſiſts a Power that 
endeavours to tear or break it, by drawing it down- 
wards according to its Length, is call'd its abſo- 
| | lute Reſiſtance. Thus if you ſuſpend a Cylinder of 
| Wood, as AB (Hg. 98.) by Ropes to a Beam, by 
| means of a great Knob at A, and fix Ropes to ano- 
ther Knob towards the Baſe B, by which the 
Weight C of 1000 Pounds is ſuſpended able to 
break this Cylinder towards D, higher or lower, 
by unfixing and ſeparating its interwoven Parts; 
; we ſay, that its abſolute Reſiſtance is ioo Pounds. 
| By the fame Method, you may know the abſolute 
Reſiſtance of a little Liſt of Paper, if you fold 
' each End of it, as IL, round two Sticks; as GH, 
| M N, (Hg. 99.) paſſing thro' the Ends to the Liſt, 
1. for having ſuſpended at the Stick M N, the Weight 
1 O, by the Strings K Z, if this Liſt breaks, as at P, 
| | when the Weight that hangs at it is preciſely 4 
| | Pounds; we ſay, that the abſolute Reſiſtance of 
5 this Liſt of Paper is 4 Pounds. 
1 Galileo made a [Treatiſe of the Reſiſtance of 
F Solids, wherein he gives the ſame Definition of 
Abſolute Reſiſtance; and in explaining, after his 
manner, the Force which a Weight muſt have that 
| is ſuſpended at the End of a Solid Body fix d in a 
'F Wall; as if A B were the Wall, CD E F the Solid, 
| | AF. 99.) and the Weight G be ſuſpended at F, by 
. the Cord FG; he ſays, that the Length F D is as 
| | one Brachium of a Balance, and the Thickneſs 
Il CD as the other; So that if you would ſeparate a 
Wl | Part that is at C, and its abſolute Reſiſtance be 10 
File? Pounds, 


I LOO ) as «and 28282 2 
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Pounds, the Weight G need only be 2 Pounds, if the 
Logs F D bes times greater than DC; but if you 
conſider another Part, as I, equally diſtant from C and 
D, you need but one Pound at &, becauſe the Bra- 
chium F D would then be 10 times longer than the 
other Brachium DI; and becauſe he ſuppoſes that the 
breaking happens at once inall the Parts of CD, ſome 
of which are betwixt D and I, and the others betwixt 
I and C, he lays it down, that the Augmentation of 
the Force of the Weight ought to be in the Rario of 
F D, to the mean Diſtance D I ; which, however, 
diſagrees with ſeveral Experiments that I have made 
with Solids of Wood and Glaſs ; whereby I found 
thatF D was to be compar'd with a Length or Line 
leſs than D I; as with a Quarter of D C, or a Third, 
Ec. and not that F D was to becompar'd to the Half 
of D C. To find this Proportion, and ſhew that 
_ Gahikeo's is falſe, I take the following Method. ©: 
Er ſt, I ſuppoſe that Wood, Iron, and other Solid 
Bodies, have Fibres and Ramous Particles inter- 
woven one in another, and that cannot be ſeparated 
but by a certain Force; and that all together they 


make up that Firmneſs and Reſiſtance of Bodies to a 


Power that endeavours to break them, drawing them 


rpendicularly downwards according to their 


engtn. ee Did 

Secondly, That theſe Parts may be extended more 
or leſs by different Weights: And, Laſtly, That 
there is a Span of Extenſion which they can't bear: 
without breaking: So that if a Solid of Wood 
muſt be extended 2 Lines, in order to be broken; 
and a Weight of 500 Pounds will cauſe this Exten- 
fion, a Weight of 125 Pounds will extend it but 
half a Line, one of 250 Pounds but one Line, c. 


and ſo every Extenſion will make an Equzhbrinem. 


with a certain Weight 
| 1 
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This being ſuppos'd, let us confider the Balance - 
AC B, turning upon the Ez/crum C, (Fig. 100.) la- 8 
den at the End B with the Weight F, that makes 7 
an Equihbrizm with the 3 equal Weights GH I; the by 
Diſtance BC is to CE, as 12 to1; CD is twice the Vi 

Diſtance of CE, and C A twice that of CD. Now if 1 
the Weight G be 12 Pounds, you mult have a Weight * 
at F of 4 Pounds to ſuſtain it, becauſe the Diſtance 5 
BC's thrice that of C A; there needs no more f 
than 2 Pounds to ſuſtain the Weight H, and a Pound | 

only to ſuſtain the Weight I; and thus a Weight ; 
of 7 Pounds at F will make an Equilibrium with j 
theſe 3 Weights each of 12 Pounds at G, H, and I; f 
1 

| 


] if then you add a little Weight at F,. the 3 Weights 
| will be overpois d; and tho they will riſe unequally, 
{ each will act with a Weight of 12 Pounds, accord- 
ö ing to its Diſtance from the Weight C. But the 
| fame Proportions do not hold good with reſpect to | 
j the Parts of a Solid ' that breaks tranſverſly. And 


li 40 ſhew it, IS 
| 'Let us ſuppoſe FC (Fg. 101.) to be 12 Foot 
| long, C A 4, CE 2, and C B one Foot; and 


1 the Solid A D CN, join d to the immoveable 
„ Solid A C B E, by three Strings equal, and 
* equally ſtrong, as DI, G L, H M, ſtretchd a 
it little, and paſſing thro little Holes in the Solid 
ACPE, and tied above the other, as you ſee in 
5 the Figure; let us ſuppoſe then that every String 


8 


2 
* 


muſt be extended two Lines more than it is, to be 
ready to break ; and that a Weight R of 4 Pounds, 
at F, is ſtrong enough to reduce the 
ID to this Extenſion; and that if you add 
ittle more Weight to it, it muſt break; it is 
evident, that you muſt have a Weight of 2 Pounds 
at R, to ſtretch the String L G, (when alone) 2 Lines, 
and a Pound only to ſtretch the String H M fo = 
iT 1 l 


* 
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if the Center of Motion be at C; but becauſe when 
the String D I is extended two Lines, the String GL 
is extended but one, and the String H M but half a 
Line when they are drawn all together, it follows 
by the Second Suppoſition, that about a Pound 
Weight will then make an Eguilibrium with the 
Tenfion of the String GL, which is but one Line, 
and that you will want but 4 Ounces to make an 
Equilibrium with the Tenfion of the String H M, 
tho? its whole Reſiſtance be a Pound; and conſe- 
quently to reduce the Three Strings to this State, it 
will be ſufficient that the Weight R be 5 Pounds 3; 
and that if you add a very ſmall Weight, the String 
D I will break, and almoſt in the ſame Moment ef 
Time as the two others, becauſe they reſiſt much 
leſs chan the three together, 0 2 
Let us now apply theſe Reaſonings to the Solid 
AB CD, fix d perpendicularly in the Wall EA DO, 
(Ng. 102.) and let us ſuppoſe, that if it were 
drawn perpendicularly downwards, 600 Pounds 
would be requiſite to break it; I ſay, that if AD 
be divided into 3 equal Parts thro the Points G H, 
and C D, be to D H, as 60 to 1, if the Weight L 
be of 10 Pounds, it will be ſufficient” to break the 
Solid; whereas, 1 to Galileo, it ought to 
be 15 Pounds; ſince C 7s ro DI the balf of D = - 
as 60 to one and a half, or 40 to 1; and'600 is the 
Product of 15 by 40. „ 

To prove this Proportion, let us ſuppoſe, as was 
before explain d, that the Fibre towards A muſt be 
extended to 16 very ſmall Parts, before it can be 
broken, and that an equal Extenſion is requiſite to 
break the Fibres towards G I and H; it's evident, 
that theſe laſt will not refiſt with all their Force, to 
hinder the breaking of the Fibre towards A; and 
that if they refiſt in Propottion to their Diſtance 


from 
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from the Point D, and if 16 Pounds at L be ne- 
ceſſary to break the Fibre at A, 12 only would be 
ſufficient to break the Fibre at G, 8 to break the 
Fibre at I, and 4 to hreak that at H; but becauſe 
when the Fibre at I breaks, the Fibre at G will be 
extended in but 12 of its Parts, that at I in but 8, 
and that at H but 4. And thus inſtead of 12 Pounds 
to break the Fibre towards G, you need only 9 
Pounds, namely, the 3 of 12, and 4 Pounds to 
break the Fibre towards H. Now 12 is a Propor- 
tional Mean betwixt 16 and 9, and 4 betwixt 
16 and 1, and conſequently theſe Numbers 1, 
4, 9, 16, being ſquare, if you conceive | the 
Length A D to be divided in Infinitun, the Re- 
ſiſtance of all the Fibres will be in the Proportion 
of a Series of Squares, beginning at 1. But take 
what Number or Series of Squares you pleaſe, be- 
ginning at One, thrice their Sum Minus the trian- 
gular Number that correſponds with the laſt Term of 
the Progreſſion, will be equal to the Prong of the. 
greateſt Square, by the Number of the Progreſſion 
beginning at o; and this triangular Number exceed- 
ing will be to this laſt Product, according to the Pro- 
greſſion in Inſinitum 3, +, 5, 8, u, Cc. the Exceſs of 
which in Infinizzm will be as nothing, and conſe- 
quently all the Squares in InfiiizzmFaken together 
will make but the, Third of ſo many Squares as are 
equal to the greateſt, adding thereto one for the 
. firſt Term of the Progreſſion. ; ſo that if you take a 
Progreſſion following in a regular Series, o, 1, 2, 3, 4, 
che Froluck of the groan, mes hos 

of the Produ the multiply'd into the 
Number che e 2 e ta 


To prove by Induction this Property of a Series 4 
of Squares, let us take 1, which is the firſt Square. 
The Triple of 1 is 3; 1 multiplied by the N N 
852 ; O 
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of the Terms of the Progreſſion o 1 is 2, which 
is leſs than 3 by the firſt triangular Number 1, 
which is half the Number 2: 1 and 4 make 5 3 
times 5 is 15; the Product by the Progreſſion 
o, 1, 2, is 12, leſs than 15 by 8, which is the ſe- 
cond triangular Number, and which is; of 123; 55 
is the Sum of the five firſt Squares; 3 times 55 is 
165, the greateſt Square 25. multiplied by the 6 
Terms of the Progreſſion, o, 1, 2, 3, 4, 5, 150 
leſs than 165 by 15, which is 8 Of 17000. 

To know whether Experiment would agree 
with this Reaſoning, I caus d two Pieces of very 
dry Wood to be turn d; one of them repreſented 
by AB, (He. 193.) had two little Balls or Knobs at 
each End, the remaining Part C D was uniformly 
3 Lines thick; the other E F was 3 Lines thick 
throughout: I put the End of this laſt as far as the 
Point G, in alittle Hole made in a Beam, and it 
fill'd it exactly; and at the other End E, I fix d a 
Weight of 6 Pounds; the Diſtance G F was 4 Inches, 
or 48 Lines, and conſequently it was 48 times 
greater than the Third of the Thickneſs of the Cy- 
lindrick- Stick G F, becauſe. this Third was only a 
Line; and according to Galileo, the Proportion of 
the Weight was increas d 32 times, but the Stick 
bent a little, and the Diſtance was no more han as 
30 to 1, pretty near: The Weight I of 6 Pounds, 
ſuſpended at the Point F, broke the Stick at the 
Point G. Now if: the Force of this Weight had 
been increas d but 30 times, its Effort ought to havx 
been no greater than that of 180 Pounds, which is 

the Product of 30 multiplied by 6. I afterwards 
ſoſpended the Stick A B by iA little Strings faſten d 
to: a little Cord that went twice round the Neck D. 
and Was kept on by the Knob B D. And in the 
lame manner I ſitted . Strings to the 2 


2 2 
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C A, to hang a Weight of 180 Pounds, which 
ought to break the Stick A B, drawing it perpen- 
dicularly downwards, if Gatileo's Rule had been 
true; but it did nog break i it. The Experiment was 
made before Meffieurs Carcavy, Roberval, and Hugens. 
T added Weights of 10 or 12 Pounds one after ano- 
tber; and at laſt, when there was about 330 Pounds, 
it broke at the Point H. 

Now if you take Abe proportion of 47 to 1, 
(which is the Third of the Thickneſs) becauſe the 
Stick bent a little before it broke, the Product of 
47 by 6 is 282, inſtead: of 330; dut tis probable 
that if we had only put 300 Pounds, and left them 
there ſome time, as the 6 Pounds were left at I, it 
would have broke i in the ſame manner; but at laſt 
the Proportion was much greater than that of 30 
to 1, and there only wanted ; to make it as 47 to 1; 
which might happen, becauſe the Stick & E was per- 
hips weaker towards the Point G, or a little thicker. 
We-renew'd the Experiment, leaving a great Thick- 
neſs at each End of the Stick E F, and only two 
5 from G towards F, that that Part might bend 
1 lirle. I afterwards made uſe of ſome Canes 

Glaſs't of a Line in Thickneſs, and I always 
| * that pretty near the Proportion of the Length 
of the Cylinder of Glaſs to a dre of its Thickneſs 
n and in an Experiment, wherein, 
according to Galuleo, only 30 Pounds were ſuffl. 
Tient to break a ſmall Rod of Glaſs in a perpendi- 
cular Situation downwar ged to hang 


ds, we were obli 
Jal: The Sieur Iſubim fitted little Balls -of Glaſs to 
ws Ends of the Cylinder to ſuſpend it. 

Ir may be objected, that in Wood, Glass, 
Nlerals, nothing is extended without ber 1 
agree that the Extenſion of Glaſs is not ſenſible, 
baut that of Metals — the 


. Strings 


* 


1 
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Strings of an Harpſichord, of what Metal ſoever they 
be, are ſenſibly extended; whence irfollows; that a 
Cylinder an Inch thick, ought likewiſe to extend it 
ſelf, but you muſt have above 2000 Pound Weight 
to extend it ſenfibly; for ſince a Ball of Glaſs or of 
Steel is dented in by a Blow, and afterwards reftores 
it ſelf to its former Figure, it may likewiſe be ex- 
tended. If you let a Cylinder of dry Wood an Inch 
thick fall upon a flat Stone, it rebounds, and conſe- 
quently has a Spring, and its Parts ſuffer Extenſion 
and Compreſſion. And becauſe Experience ſhews, 
that a little Stick, when you bend it in order to 
break it, contracting it ſelf towards the Concavity 
where it is bent, neceſſarily extends its ſelf towards 
the Convexity, before it breaks : Thence you may 
_ conclude, that it muſt have an Effort to make the 


Compreiſion towards the Con cavity. 
That being ſuppos d, if AB CD (Fg. 100) be 
a ſhuare Piece of Wood fix d in a Wall, you may 
conceive that from D to I, which is half the Thick- 
nes A D, the Parts are preſs d together by the 
Weight' L; thoſe that are near D, more than thoſe 
towards I; and that they are extended from I to A, 
as has been before explain d; and the fame Reaſon- 
ing about the little Cords may be applied to the 
Part IA; whence it will follow, that as the Length 
FF is to the Third of the Thickneſs I A, ſo-will 
the Force of the Weight L be increas d, in ordet to 
break the Solid; and as there is more Force requir d 
to pteſs che Parts towards D, than towards H if 
you ſuppaſe that this Force is diminiſh'd according 
to the Series of Numbers to an Unit, the fame Pro- 
portion of the Length I F, to the Third of the 

readth D I, will be ſtill requiſite to make this 
Compreſſion; and as it is very probable that theſe 
Compreſſions reſiſt as _ as the Extenſions, _ 
AWI _— - that 


— 
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that as great a Weight is neceſſary to make them, 
theſe Extenſions and theſe Compreſſions will divide 
the Force of the Weight L, adding the Third of the 
Thickneſs I A, to the Third of the Thickneſs, I D, 
the whole will be equal to the Third of the Thick - 
neſs AD; whence will ſollow the ſame thing as if 
all the Parts were extended: Therefore to reduce 
the Parts towards the Point A to ſo great an Exten- 
ſion. as that the Solid A B C may be broken, the 
Weight L muſt be a little more than 10 Pounds, if 
the Length C D be to the Third of the Thickneſs 
AD. as I to 30, and mote than 200 Pounds will be 
requix d to break it when it is drawn perpendicularly 

downwards; for the ſame thing muſt happen with 

reſpect to the Effort of the Weight, as if the Parts 
above them. 33 <> ee nest. 
Nan Experiment made before Sieur Hubin, 1 
found that a Cane of Glaſs a quarter of a Line thick, 
and four Foot long, ſtretch d g of a Line, without 
breaking ; and taking off the Weight, it rerurn'd of 
it ſelf to its firſt Extenſion. I caus d three of equal 
Thickneſs to be thus extended, which broke when 


they were ſtretch d a Line and à half. To find this 


Extenſion, I caus d a Ball of Glaſs 2 Or 3 Lines in 
Diameter to be fix d at each End of every one of 
theſe Canes; one of theſe Balls was held faſt be- 
vwint two Tenter- Hooks, which were driven in 
half their: Length towards the End of a Table; ſo 


that in puſhing them with great Force, you could 


N move them, and conſequentiy the great 
nd of the Glaſs Cane being held ſtrongly by the 
Nails; could not come near the other End of the 
Tablet here were three li — l to diſtin- 
guiſh the Lengthning by; the Cane bore upon the 
Table lengthways; but when it was 1 
tz] £23 drawn, 


S. 


HyDROSTATICKS. 245 


drawn, it did not lean any longer upon it. The 
great End by which we drew, touch'd the Table; 
and I obferv'd that the End of it touch d the firſt 
Pin-hole, when it was drawn moderately with the 
Hand, and when it was drawn more ſtrongly, it ad- 
vanc'd to the ſecond Hole; and drawing it ſtill with 
greater Force, it reach'd the Third; and relaxing it 
alittle, it return'd to the ſecond or firſt Hole. To 
have made the Experiment as it ought to have been, 
one of the Ends ſhould have been drawn by an Iron 
Pin, in a Hole, and the other ſhould have been faſten d 
to 20r 3 little Strings; which being join'd together, 
would have made but one, and ought to have been 
wound about one of the Pegs of a Lute, or other 
Muſical Inſtrument; ſo that turning the Peg by little 
and little, the Cane might be firerch'd There 
might have been Marks made to diſcern the Exten- 
fion, and the Glaſs Cane might have been made to 
ſound like the String of a Harphchord. 

This being ſuppos'd, the Experiments that I 
made relating to the Reſiſtance of Solids, are 
as follows: Theſe Rules may be of great Uſe to 
Architects for Beams, for ſettings out in Build- 
ings, c. bby de 18551 

A Glaſs Cane ; of 4 Line, broke by its own 
Weight jetting out 6 bot. i © 10. 

A Cylinder of black Marble, 5 Lines in Diame- 
ter, ſuſtain d horizontally | 190 Pounds, that is to 
ſay, 10 3, at 48 Lines Diſtance. The Square of is 
5 3 its Product by a Foot Length, or 144 Lines is 
% or 400 Lines, 6 Foot of which will weigh 
2400 Cubic Lines. As 14 to 111, ſo is 2400 to 1886 
Lines ; and becauſe à Cubic Inch, or 1728 Lines 
weigh two Ounces 1 Dram, 1886 Lines will weigh 


about 2 Ounces 3 Dram. 
Mowe A KN 2 Half 
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Half the Length of 6 Feet is 36 Inches, or 432 
Lines. As the Third of 5'of a Line, namely, ; is to 
4323 19 is 2 Ounces 3 to 18 14; which, divided by 
16 Ounces, give 113 Pounds 6 Ounces, which 
would be the Weight which this Cylinder of Glaſs 
of of a Line would ſupport perpendicularly. 

A Rod of Glaſs a Line and-; thick, and 11 
Inches long, being plac'd upon two Rulers about 9 
Inches diftant one from the other, an Inch den 
and an Inch thick; and being laden in the Middle 
by a Pound and y „put into a little Bucket of Tin, 

ſuſpended by a String, broke in the Middle: Such 
another Cylinder of Glaſs, plac'd after the ſame 
manner, but held cloſe — the two Rulers, and 
two little Pieces of flat Wood of the ſame Breadth 
as the Rulers, broke with 3: Pounds and an Ounce, 
ſuſpended at the Middle; it broke at each End cloſe 
to the Rulers, and one of the Ends broke even 3 
Lines within the Rulers, beyond the Fulcrum or Point 
that ſuſtain d it; ſo it may be taken tor a Rule, 
that the two Ends near the Fulcrum break in this 
latter Caſe; and conſequently twice as much Force 
is requir d as when the Ends ate free, and che Cy- 
Under breaks in the Middle. 

Another ſuch Rod plac d in the Middle upon an 
e of a Knife, requird no more than a Pound 
and à half and about 3 Ounces to break it ; that is, 
theſe 47 were put into two little Buckets, 
namely, a Pound wanting two Ounces in each, and 
it broke at 3 Lines Diſtance from the Knife. I had 
quis t ſome Spaniſh Wax towards each End of the 
is Rod, to hinder; the little Cords that ſuſtain'd 
the Weig üts from ſuippi and to mark their 
Diſtance. which was: 9 — 1 there was:Likewiſe 
a White Mark to den the RO the Rode | 


| Anon. 
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A Sword-Blade, one End of which was fix d in a 
Hole, and obliquely aſcending from it, ſupported 
68 Pounds, and a little Plate of Tin ſupported 80. 

It is evident, that if a Solid A B is broken by a 
Weight L, (Eg. 104.) ſuſpended at its Middle E, 
being ſupported at each End by the two Rulers & 
and F; it muſt likewiſe break, if the fix d Point 
be at E, and the two Powers at A and B be equal to 

each other, and both together equal to the Force of 
the Weight L, ſince there is ſtill the ſame Force 
acting at E. © 

Galileo has demonſtrated, that the ſame Weight 

that breaks at E, will break a Solid of the ſame 

Thickneſs fix'd in a Wall as far as the Point A, if 

its Length be equal to AE; whence follows what I 
have found true by Experience, namely, that a flat 

Glaſs AB, 12 Inches long, reſting upon each End, . 

and having 9 Inches unſupported, being broken by 

the Weight of a Pound, 10 Ounces and 5 Drams; 
was broken by 3 Pounds 5 Ounces and 4 Drams, 
when its Extremities were cloſely tied with little 

Cords betwixt the Supporters and two flat Pieces of 

Wood; becauſe then they muſt break at A B, cloſe 
to the Supporters, and becauſe the two Diſtances 

by both their Extremities reſiſted twice as much as 

E A alone at its Extremity A, it requir'd twice the 
Weight at L. , N 4 ibi 

The ſame Author has further demonſtrated, that 
if the Supports are at a double Diſtance, half the 
Weight that has at E will be ſufficient to break the 
Solid; the Reaſon is, becauſe the Lever becomes 
twice as long, and the Weight conſequently has 
twice the Force, the Counter-Lever not changing at 
all; but if che Solid be twice as thick, ir muſt have 
4 times the Weight, becauſe on one hand there is 
twice the Number of _ to divide; and _— | 


508 gf Trae furtt _» 

the Force of the Lever is diminif'd/ by one half, 
which is the Reaſon that the Weight ought to be 
quadruple; and, generally, the Weights muſt be 
in a duplicate Ratio of the Thickneſsss. 
Thence may be reſolv'd a very ſurptizing Theo- 
rem, namely, that if a flat Square of Wood, Glaſs, 
or other brittle Subſtance, plac d upon a Frame, in 
ſuch manner that the Extremities are ſtrongly in- 
clos'd by the Frame, Juſt as Panes of Glats are fix d 
in their Frames; the ſame Weight, which being 
diſtributed throughout the whole Extent of the 
Square, would be ſufficient to break it, will break 
any other Square of the ſame Thickneſs, let its 
Breadth be what it will. iii b2 . 


The DEMONSTRATION.. 


AB CD (beg. 105.) is the Frame that incloſes 
the Square of Glaſs; EF is another leſs Frame, in- 
clofing another Square of Glaſs of the ſame Thick- 
neſs; I ſay, that will ſuſtain as great a Weight, 
equally diſtributed, as the other; for let a little 
Liſt, as Q H, be-plac'd upon the little Square; 
and to make the Demonſtration more eaſy, let the 
Lift IL, in the other Frame, be double the Length 
QH, and of the ſame Breadth and Thickneſs : "Tis 
evident by what Galileo has demonſtrated, that if 
you put a Weight on the Middle of QH, preciſely 
ſufficient to break it, half this Weight plac'd in the 
Middle of I L will break it; but if Mu double the 
Breadth of 1 L, and the Liſt be M N K S, the en- 
tire Weight will be requiſite to break it; for the 
Lever will continue the fame, but there will be 

twice as many Parts to divide; and if you diſtri- 
bute the firſt Weight the Length of Q H, you muſt 


double the Wei . 
1 : | + % prov « 
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prov'd by the fame Author. You muſt therefore 
double the Weight to break M'S, which is twice 
the Breadth of I L ; but if you add another Liſt, 
as O P, croſswiſe to the little Frame, you muſt 
double the Weight, which I have found true by Ex- 
periencè; for a ſingle Liſt being broken by a little 
leſs than two Pounds and a half; when it was croſs'd, 
requir d 4 Pounds 11 Ounces and a little more, 
which is a little leſs than twice the Weight; which 
might proceed from the Middle Square s not being 
doubled. If then you put another Liſt acroſs, as 
GR, of the ſame Breadth as I N, it will bear the 
ſame Weight as the Croſs PO QH; and if you 
continue to enlarge theſe Croſſes according to the 
ſame Proportions, the great one will always ſuftain 
an equal Weight, diſtributed as before. In ſhorr, 
this Experiment may be continued till only 4 ſmall 
Squares remain at the Corners of every Frame; 
whence you may conclude, that if theſe two Squares 
were finiſh'd or fill'd up, the ſame Effect would al- 
ways follow, and even in all other Proportions; for 
if the middle Square of the little one is the Cauſe 
that the Croſs does not bear a Weight double to 
that which the Liſt will bear, the great Square will 
alſo produce the fame Effet. t. 
Theſe Rules are of uſe for brittle Solids, as dry 
Wood, Glaſs, Marble, Steel, Cc. ; 
But for ſupple: and pliable Subſtances, that are 
broken by Traction alone; as Paper, Tin, Ropes, Ec, 
other Rules are neceſſary, of which theſe following 


4 9 n 
are the chief. 

: * FM * * 8 f 5 4 ; ' 
it | RULES for pliant and ductile Solid. 
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Liſts af Paper, Tim, and fuch kinds of Bodies, break 
1911s! vequally,' whether they be Jong or ſhort, 


82 
w 


2 30 A: da oft * 


The EXPLANATION. 


'BC (He. ns) is a Liſt of Paper paſted, © of 
Tin nail'd upon the two Supporters E G, F H, the 
Length C B being unſupported; a little Stick, as IL, 
is laid at the Middle upon the Liſt; and to each 
End of the Stick that comes out a little beyond ' the 
_ of- the Paper, are little Cords fix'd to ſuſtain 

—_— for if a Cord were put upon the 
Li of Paper, it would plait it or cut it. The Liſt 
being of Paper 6 Lines wide, broke by a "Weight of 

4 Pounds. 

2 — ſuch Liſt broke in like manner, — 
the Suppo 


Fr 8 N a % a — i... - we „ 


rters were at half the Diſtance; and when 

being twiſted at both Ends, round the two little 

Cylinders G H, MN, a Weight was faſten d to the 

Cylinder below, by means of two little Cords, 

(as you ſee Fig. 99.) the Liſt broke likewiſe by a 

Weight of 4 Pounds. 

Some object, that the Cords K Z ſuſtain a Part 
of the Weight, and that that Weight does not con- 
tribute to break the Lift 1 L; but tis evident, 
wat the Liſt carries all that is below it, whether 
the Cords ſtretch or not; and to prove it, I made 
the followi Experiment. 10 91 

A Braſs Wire turn d ine both on Schere and 
ſuſtain d by the Hand at A (Fig. 107.) having the 
Weight C ſuſpended at the End B, was extended in 
ſome meaſure by this Weight, more or leſs, a 

2s it was more or leſs hob, but all the Diſtances of 
the Spires were perfectly equal; and when the 
Hand was held at D, the Diſtances remain d ſtill 
the fame, 1 21 any — z which ſhew'd 
plainly; that Extenſion: ſuperior Spires, 
_ the Suſpenſion was at A, did no way A: 
< | the 
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the Force of the Weight, with reſpe& to the infe- 
rior Spires. The ſame thing happens to a long 
Rope that ſuſtains a Weight; for all the Parts ſuffer 
the ſame Extenſion, the upper Parts not diminiſhing 
the Extenſion of the lower; and à long Rope and 
a ſnhort one always ſupport the ſame Weight, unleſs 
that ina long Rope there may happen to be ſome 
faulty Place, in which ir will break ſooner than in a 
ſnorter. n "1200 
The fame thing will happen in ſmall Slips of 
Tin; for in a long one there may be perhaps ſome 
 Defe& that may not be in a ſhort one; and if you 
ſhould take that Part of it which did not break, it 
would ſuſtain a greater Weight, becauſe the Defect 
or ra be remov'd : I have made ſeveral Experiments 
ae; ©* Ex „„ 8 | 
A ſmall Slip of Tin 3 Lines ; wide ſupported 
100 Pounds, without being broken, and broke by 
130, and 128 ; and being drawn perpendicularly 
downwards, it did not break with 120; but it 
broke with 123 in a Place where there was ſome 
Flaw; you mult judge that it would have ſupported 
more, had it been drawn directly, and there had 
been no DefeCt in it. 5 bu! 2500 
A Slip of Tin 4 Lines 4 wide, having 5 Inches 
unſupported in the little Frame, did not break by 
180 Pounds; nay, it was not broken by adding 
more Weignglt. 17 10 Sh fen 
A Liſt or Slip of Paper 6 Lines wide being paſt- 
ed at both Ends, upon the two oppoſite Sides of 
2 ſquare Frame, 5 Inches within the Work, was 
broken with 4 Pounds 3 Quarters; and you muſt 
have added 4 Ounces to break ſuch: a one, drawi 
it ——— downwards. TWwo others lik 
wiſe of 16 Lines were broken by 4 Podnds, holding 
Sto roy e Sos 1:74 Brood 2oahetn 
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them; of tiene with the Weight upon them; as 
well i in the great Frame, as in the fmall one. 
Another Slip of Paper of the ſame Strength, 6 
* and ; wide, was broken by 4 Pounds; it was 
laid upon the ſame Frame as well in the one as the 


other: There were three Strings that bore a little 
Bucket, and another String below it, that was 


ſuſtain d above by a little Stick. In this Bucket we 


ob hy cnc by little * little, till the Faper 
0 a 

I paſted Gap Pages: in che great * of 9 
Inches within the Work; and in the little one of 5 
Inches in the clear, as Window - Frames are 
made; on the Middle of the great Paper I laid a 
round Piece of Leather of 3 Inches 4 Lines; and 
upon this Leather a Lead Weight of 4 Pounds, 
whoſe Baſe that reſted upon the Leather, was but 


2 Inches and a half in Diameter; I heap'd ſeveral 


Weights upon the Firſt, and the Paper did not break 


. all 42 Pounds were laid on. 


The other Paper upon the little 3 bund 
wick 32 Pounds, but the little Piece of Leather 


was only an Inch 5 wide, on which the firſt Weight 


was laid. 

"To compare theſe E; ents with each other, 
— with the Slips of — the Breadth of the 
Leather that lay in the Frame, being 3 Inch 
and the Baſe of the Weight two Inches and a 
the therefore did not He very cloſe: bend 
and you ma ſuppoſe that the Breadth 
of the Slip which the Diameter took up, was 5 
——— than that of the Liſt of 6 Lins which 
had fa 4 Pounds; and taking another erofs 


A B ſuſtam d 20 Pounds, the Quintuple of 4 
both ſuſtain d 40 3 the 2 Pounds more 
Were 


of the ſame Breadth (Fig. 109) if the 


n Las. Mk. 
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were ſuſtain'd by the 4 Diagonal Liſts, E GR F, 

which ſuffer very little, for the Reaſons above. 
mention d, with reſpect to the little Cords, becauſe 
they are longer than the other, and do not ſtretch 
as far as is neceſſary to break them. In the little 
Frame, the Liſt A B was but 3 times and a half 
broader than the Liſt of 6 Lines; it ought then to 
ſuſtain 14 Pounds, and the 2 croſs Liſts 28 Pounds: 
The 6 Pounds remaining, were for the 4 Diagonal 
Liſts; and tho” this be more in Proportion than 1 1 
the great one, that proceeds from the Inequality 

the Matter, whoſe abſolute Reſiſtance is lets: in — 
Place than another. If both the Weights had been 
equal in both Squares of Paper, they ought to have 

born the fame Weight, and both ſhould have broken 

berwixt the Weight and the Frame of Wood. 

After having made many ſuch Experiments As 
theſe; I made ſeveral of them upon Pipes full of 
Water; Lcaus'd a Pipe to be made of 50 Foot, 
ſuch as was before mention d; and having 16lder'd 
it in a Cylindric Barrel of a Foot, ſut coſe on all 
fides, I laid the Barrel upon 3 Props. 

The Baſes were of Copper Plates, a: ry thick 
and the Circumference was of Tin: The aſcending 
Pipe, 5 Inches wide, was folder'd in a Hole made 
in the Middle of the u pper Plate; and the Cylin- 
dric Surface of the Tin Tas felder d with th — 
after: this manner. A B (Zig. 105.) repreſents the 
Diameter of the upper Plare; the little Squares 
C and D tbe Thicknefs of a Wire that went all 
round the Tin that made the Caſe joining the Plate, 
and ry d to folder it the better to it; E F is the 
Fin Pipe 50 Foot long, the lower Plate was folder'd 
with the Tin Caſe as well as the upper: I fill'd both 
the Barrel and the Pipe with Water; vrhen it was 
_ Kllup — the Plates bent ta a Coptexiey;by 


SL 
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the Weight of the Water; and as it acted as a Le- 
ver, the End of which was G, and the other Ba- 
chium the Breadth of the Solder, upon the End of 
the Tin, and on the Breadth of the Wire, the Sol- 
der undid by this Effort, the Parts neareſt to G ſe- 
— g the firſt: The Space unſolder d was 4 
ncbes, thro which all the Water ran out; we ſol- 
der d it again, and the lower Plate unſolder'd i in 
the Experiment. I caus d another Barrel to be 
made, in which the Tin being laid upon the Plates, 
enclos'd them within, and-was well ſolder'd to em; 
we afterwards increas d the Height of the aſcending 
Tube to 100 Foot, and it continued full of Water a 
pretty long time before it broke; but ar laſt one of 
the Solderings of the Caſe open 'd at the Bottom, as 
from S to R, and tore ſlantwiſe from R to T; the 
Plates were bent above an Inch, but their Solder, 
with the Tin, did not break; becauſe acting like 2 
Lever, as in the firſt Experiment. and even more 
ſtrongly, by reaſon of the greater Effort of the Wa- 
ter, the ſolder d Part of the Tin roſe along with it, 
and ſo could not unſolder. We kept Water in this 
Pipe a long time 80 or 90 Foot high, but nothing 
broke; and becauſe the Water 100 Foot high acted 
upon this Caſe of Tin as if the Pipe bid: ben 2 
Foot wide, quite up to that Height, as was prov'd 
in the Diſcourſe of the Equilibrium, you may be cer- 
tain that a Tin Pipe 80 Foot long, and a 10 
wy not break, being full of Water. 
I afterwards — uſe of a Barrel of Lead; in- 


fiead of one of Tin; it was two Lines and a half 


a Foot broad, and 18 Inches long; but it 
was Frelld out like a H head, till it met with 
flat Plates of Lead about 8 Inches wide, and of the 
fame Thickneſs:of two Lines and a half: The Sol- 
derings lay over — 
9 I 


thick, 
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wiſe one that was laid on and join d the Plates, ſo 
that they were above an Inch broad, and they were 
above 8 Lines high; we fill'd the Pipe of 100 
Foot with Water, and the two Plates bent round 
more than an Inch, hut nothing broke; for the ſol- 
dering roſe with the reſt, and the Thickneſs of the 
Lead was too great. There is a kind of Porous 
Lead that would have let ſome ſmall Threads of 
Water paſs thro', which I once ſaw an Experiment 
of in a Barrel of a Foot and a half, and two Lines 
thick, tho the aſcending Pipe was but 15 Foot. 
Laſtly, To finiſh the Experiment, I caus'd the Bar. 
rel to be ſcrap d, and fill'd in the Middle to the 
Height of about 6 Inches, and the Breadth of 4; 
and when its Thickneſs was reduc d to a little leſs: 
than a Line in the Middle of the fill'd Part, then 
the Lead ſwell'd in this Place, and a Slit was made 
3 Inches long, thro' which all the Water ran out. 
You may then ſecurely make uſe of a Pipe of 100 
Foot, 12 Inches wide, and of the Thickneſs of two 
Lines, or even of a Line and a half, if the Lead be 
good. The Reſiſtance of the Tin Barrel may be 
thus explain d: Tou muſt conſider it as a Liſt of 
Tin a Foot broad, that muſt be broken by being 
torn. Now this Liſt is 24 times broader than that 
of 3 Lines, that ſupported 120 Pound, it ought 
then to ſupport 445 times more, pretty near; and 
becauſe the Water in the Pipe then 'weigh'd/5500 
Pounds; for you muſt conſider it as if it were of 
the Breadth of a Foot, to the Height of 100 Foot; 
and a Cylindric Foot of Water weighs 55 Pounds, 
which being multiply d by 100, give 5500; 45 
times 120 make 5400, and conſequently the Pro- 
portion is pretty juſt; and if the Solder had been 
good throughout, the Barrel would ſtill have born 
100 Pounds, or the Height of wo: CG 
ul ater. 
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Water. Lou muſt conſider, that you are to have 
no Regard to the Weight s being d iſtributed thro 
the whole, tho it be to tear it. If you would 
know the Proportion of the Reſiſtance of other 
Pipes, obſerve the following ane The Plates are 
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if the Height of the Reſerratoty be Joatile, 8 
will have double the Weight of Water, and conſe- 
quently the Metal of you, Pipe muſt be twice as 
thick, that it may have twice as many Parts to ſe- 
If the Diameter of the Pipe be twice as 


= a muſt have twice the Thickneſs; for the 


of the Tin will be no more err 
e Nas 17 
20 DNS 191117 j 5 | wif £ 
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the Plates be themeakeſtPire, and the Resch it 
made in them, ſuppoſing them of caſt Iron, 
ſome other ſoure and brittle Matter, when the 
Pipes are 4 times the Height, you muſt only double 


2 


N 
90 
to 
or 


the Thickneſs of the Metal, as was before -prov'd ; 


dor then the Plate breaks as Lever, and the 


Counter- Lever, or other Brachium, becomes twice . 


— and there are twice as many Parts to ſepa- 
The ſame thing will happen, if the Diameter 
be double for it will have 4 times as much Weight. 
muſt then. only double the Thickneſs; beſides 
e different Plates are able to ſupport 


Wake but the Weight quadruple, you 
muſt double * 
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in the Fxample above. You muſt double the Thick- 
neſs by reaſon of the quadruple Height, and double thar 
3 on account of the quadruple Surface of the Baſe, 


therefore you are to quadruple the Thickneſs of the 
Plate; but when it is of Tin, or very yielding 
Copper, if the Reſervatory be 4 times higher, there 
will be 4 times more Weight, there muſt be there- 
fore 4 times more Thickneſs; and if the Diameter 
be double, there will be ſtill 4 times more Weight, 
and you muſt again quadruple the Thickneſs, which 
will make 16 Thickneſſes. Thus if the Thickneſs 
of half a Line of Copper can ſupport Water in 4 
Tube 60 Foot high, and 4 Inches Diameter; if 
the Height he increas'd to 240 Foot, and the Dia- 
meter 8 Inches, you muſt have 8 Lines Thickneſs of 
CRMEET: 75. | 

It is always better to make the Pipes a little 
thicker, than according to the Calculation ; for it 
often happens, that the Matter of which the Pipes 
are made is faulty. I have ſeen Pipes of Conduct 
made of caſt Iron, 4 Inches Diameter, and 3 Lines 
thick, which were made up of ſeveral Pipes Join'd 
together for the Pipe of Conduct, which broke, be- 
cauſe in the caſting rhere were Hollows, or Honey- 
Combs made in them, and the Metal was faulty in 
thoſe Places: I have likewiſe ſeen the Water 
ouſe thro* their Pores at the Beginning; but aſter- 
wards the Pores clos d by the foul Particles that the 
Water carries along with it, and they were ſervice- 
able for the future. * FA 
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ee TT CY E II. 
Of the Diſtribut ion of Water. 


4 divide Water into ſeveral Jets, and to know 
how much it will give to each, which may 
likewiſe ſerve for the Diſtribution of the Water of a 
Spring to ſeveral Perſons, you muſt have a Gauge, 
whoſe Holes muſt be ſquare, and not round. 

As AB (Fig. 110.) is the Height of the Veſſel 


that ſerves for the Gauge, and C D the Height of 


the Water, you muſt place the ſquare Holes about 


2 Lines below the Surface C D, in an horizontal 


right Line E N. Now if this Gauge be divided 
into ſeveral Squares of an Inch every way, as E F 


P H, Cc. they will give more than an Inch; for it 


the circular Holes give 14 Pints in a Minute, the 
ſquare ones will give a Quantity that will be to 14, 
as 14 to 11; which Proportion of 14 to 11, is 
ecu near that of a Square to a Circle of the 

me Diameter: If then a round Inch gives 1 

Pints in a Minute, a ſquare Inch will give almo 
18 Pints; for 11 is to 14, as 14 to 17 f; therefore 
ou mult divide E F into 14 equal Parts ; and if 
E R contain 11 of thoſe Parts, the long Square 
ERS H will be very near equal to a circular Inch, 
and ir will give an Inch, that is to ſay, 14 Pints in 
a Minute, .if the Water in the Gauge Veſſel con- 
tinues at the Height C D. You may make mo 
| oles 
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Holes regularly following each, other. equal to E R 
S.H, under the fame Line EN, as RL TS, LM 
UT, Ec. and if you would give half an Inch, you 


£ 


muſt divide one of theſe long Squares, as OQIG, 


by a middle Line X V, and each half will give half 


an Inch; that is to ſay, 7 Pints in a Minute; and 
all the other Diviſions the. ſame, if you take the 
Third, as IK Z Q, or the Fourth, c. There 
will be this further Advantage, that if the Water 
that ſupplies the Pipes diminiſhes, and paſſing, thro' 
them, fills only a Third, or the Half, or two Thirds 


of the Height of the Holes in the Gauge, every 


Perſon will loſe in Proportion, which cannot be 
when the Holes are round ; and if there be a little 
more Friction in the little Holes than in the great 
ones, the Water ſupplying the Expence through 
a narrow Paſſage better than a wide one, will com- 
6 5 that Defect. If you would give 3 or 4 
nches, you muſt take 1 or 4 entire Holes, each 
equal to E RS H, SL TUM; but you muſt 


make a little Separation, and have ſome Diſtance 


betwixt the Holes, when you give but an Inch to 


each Perſon ; for their Waters would be confounded 
together, if there were but 2 or 3 Lines betwixt 
them ; the Entrance into each Pipe muſt be wide 
enough to receive the Water of each Diviſion. 
Lou may diſtribute a Spring to ſeveral Perſons in 
Ao 10 (5 tRannes 7. 7. "+7 
I ſuppoſe that the Spring gives 40 Inches of Wa- 
ter in the Summer, and 50 Inches in the Winter, 
and 55.at other times. You muſt make ſeveral Re- 
ſervatories, as-F GHI (Hg. 111.) where the Water 
may diſcharge it fel I 
n the firſt, which ſhall be the greateſt, you muſt 
let the Water rife to a determinate Height, as A B, 
where there muſt be a Paſſage for the Water to tun 
„ further 
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further on, and Holes for the firſt Diſtribution, as 


at C DE, a Foot below A B: Theſe Holes may be 
wide enough, taken together, to let 20 Inches paſs thro), 
and the 25 remaining Inches will paſs above A B. It 
is evident, that when the Water is ſtrongeſt, the Ele- 
vation of the running Water will be greater above 
A B, and when the Water is weaker, that Elevation 
will be leſs; but not above an Inch at moſt : So 
that when the Water that goes into the Reſervatory 
is 50 Inches, 20 and a half of them will go thro? 
the 3 Holes; and only about 19 and a half will paſs 
thro them when the Water gives but 40 Inches. 
We will do the fame in reſpect of the Water that 
an above A B, and that that paſſes thro' the 
oles ; and mzke little Reſervatories in other Parts 
of the Town, where we will diſtribute to particular 
Perſons the 25 Inches, and the 20 Inches; always 
obſerving to make the Holes 12 Inches, or at leaſt 10 
Inches below A B. At laſt it will happen, that during 
the great Plenty of Water, there will remain 5 or 6 
Inches of Water, which may be given to the Pub- 
lick, in ſome unfrequented Place, for particular, 
Uſes ; and this Water will remain only during the 


great Plenty of Water; which may be obſerv'd alſo 


in the other Condaits, as C D E: For there will be 
always ſome Remainder for the Service of the Town ; 
either-forFiſh-Ponds, or other Receptacles for Wa- 
ter, that are kept -a long time without any Addition 
of freſh Water, and which may be ſupply'd from 
time to time; the reſt will be equally diſtributed 
at the Rate of 45 Inches, only they will have 
{cmerimes a little leſs, ſometimes a little more. 
© Frontitlus,” a Roman Author, has diſtoursd of 
theſe Conducts of Water after another manner. 


What we call an Inch, he calls Quinuria; but his 


Nuinuria was a little leſs : His manner of applying 
: +4 . EIn | 4 | what 
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what he calls Calix, at the Bottom of which there 
was a little Pipe of the Bigneſs of his Quinaria, 
does not ſeem to be Juſt ; and it would be bet- 
ter to conduct 10 Inches to ſome Part of the Town, 
if the Perſons in that Part want only 10 Inches, and 
to diſcharge them into a long Reſervatory, where 
ſuch a Gauge as I have mention'd may be apply d, 
that ſhall give an Inch or halt an Inch, according 
to whar is got; and when there are Perſons that 
would have only a Line, which is the 144th Part of 
an Inch, or 2 Lines, which is the 72d Part of an 
Inch, then you muſt make the Gauge different from 
that before mention d. There muſt be made a little 
Reſervatory apart, wherein the Water muſt run ſo 
as to lie always 5 Lines above the Holes; and ha- 
ving made a ſquare Hole, whoſe Side is 4 Lines, 
take away x; of its Breadth, leaving the whole 
Height of 4 Lines, which will give the 9th Part of 
an Inch, that is 16 Lines. Half that Breadth will 
give 8 Lines, and a quarter of it 4 Lines; or elſe 
you may make the Water to lie 6 5 Lines ahove a 
Hole of a Line ſquare, from the Breadth of which 
you mult take n, to have the exact Contents' of a 
round Line, which will exactly give , of 14 Pints 
in a Minute, and 144 Pints in 24 Hours, of ſuch 
Pints as are the 36th Part of a Cubic Foot. If you 
double the Breadth, you will have 2 Lines, which 
will give a Myuid or Hoglhead in 24 Hours, or 12 Pints 
in an Hour, and 3 Pints in a quarter of an Hour 
and to be ſure that ſuch an Opening gives neither 
more nor leſs. than two Lines, you muſt count the 
Time in which the Water running thro it will fill 
a Quartern; if it does it in 75 Seconds, the Quan- 
tity expended is exact. You muſt let this Quan- 
rity of Water run in Pipes of an Inch Bore at leaſt; 
for they might be 2 up in Time, if they 

3 were 
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we:e leſs z and every 10 Years Care muſt be taken 
that the Gauge Holes do not fill with a ſtony Sub- 
ſtance, which fixes to the Edges of the Holes; 
which, in ſuch Caſe, muſt be made a-new. 

When the Conduct Pipes are not large enough, a 
fine Mud ſettles in the loweſt Part of them, which 
will ſubſide even from the cleareſt Water; and at 
laſt, as it hardens, it will wholly fill up the Pipe: 
Therefore it will be neceſſary now and then to open 
them at the loweſt Places, ſo as to make the Water 
run out with Violence, and it will bring out this 
Mud along with it, provided it be not yet petrify'd. 

If a ConduCt-Pipe is. to be carried over ſome 
rifing Ground, there muſt be a ſmall Pipe ſolder d 
to it in the higheſt Place with a Cock to it, that is 
to be open d now and then to let out the Air; 
which being drawn down with the Water, ga- 
thers in the upper Part of the Pipe, and being 
condens'd by the Water that compreſſes it, comes 
out in Bubbles, and ſtrikes ſometimes with ſuch Vio- 
lence againſt the Conduct-Pipe, as to to crack it, if 
it be not ſtrong enough to reſiſt ; or breaks pieces 
out, if it be made of any brittle Subſtance. 
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' " ADVERTISEMENT 2. 


x HE following Rules ( not Printed with the French 

Treatiſe ) were drawn up by Monſizar Mariotte, for 
ths u of Monſieur de Louvois ; and tho a great Part of 
them is taken out of the foregoing Book, I thought they 

would! not be. unacceptable ta the Reader; oo this 
Appendix does not only give a Summary of the Book at 
one View, but ſupplies us with what was wanting in order 
to Practice, and could not be had without comparing ſeue- 
ral. Experiments, and making ſome troubleſome Cat- 
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Practica, RulEs for Jets. 
d' HEA v. 


Of the Expence of Water thro different 
Ajutages, or Spouting Pipes, accord- 
ing to the different Heights of the 


Relervoirs, or Cifterns. 


Cubic Foot of Water weighs 70 Pounds, and 

contains 36 Pints (Parris Meaſure) when they 
are Juſt fill'd; but if the Water riſes above the 
Brims, as it may do without ſpilling, then a Pint 
will weigh two Pounds, and 35 only will be con- 
tain d in a Cubic Foot. The Paris Muid, or Hog- 
ſhead, contains 280 of theſe Pints, and 288 of the 
others. | | 
An Inch of Water is the Quantity of Water which 
runs thro' a circular Hole of an Inch Diameter, ver- 
tically made in one of the Sides of a Veſlel, when 
the Surface of the Water which ſupplies the run- 
ning out, always remains at the Height of one Line 
above the Hole, thar is, 7 Lines above the Center of 
it, without rifing or finking. In one Minute 28 
Pounds of Water, or 14 Pints, of two Pounds each, 
will run thro' ſuch a Hole. The Water's Surface 
does, indeed; ſtand ſomething lower, Juſt ar rhe Hole 
immediately over it, than it does in the reſt of the 
Veſſel, where it muſt be one Line higher; for if 


9 4 | it 
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it was only a Line higher than the Top of the Hole 
in the other Parts of the Veſſel, it would fink juſt at 
the Hole, not touch the upper end in running out, 
and only give about 13 Pints; in a Minute. 

If you would know what is given by circular 
Holes that are leſs, as by an Hole of half an Inch, or 
a quarter of an Inch Diameter; you muſt fix them ſo, 
that their Centers ſhall be 7 Lines below the Surface 
of that Water which was one Line above the Top of 
the Inch-Hole, which is mark'd by the Line FF, as 
you ſee in the 112th Fig. where the Centers AB C D 
of the different Holes are all in a Line parallel to FF, 
and not as in the 113th Egure, where their upper 
Edges are at equal Diſtances from the ſaid Line FF. 
Now if the Hole B is 6 Lines in Diameter, its Area 
will be but the fourth Part of that of the Inch- Hole, 
and ſhould give but the fourth Part of 14 Pints in a 
Minute; bur yet it gives the fourth Part of 15 Pints, 
tho the whole Surface of the Water in the Veſſel 
be but one Line above the Top of the Inch-Hole, 
which happens for ſeveral Reaſons given in the fore- 
going Treatiſe, The firſt is that the Water does 
not fink ſenfibly above theſe little Holes, but is 
nearly even with the other Parts of the Surface ; 
whereas when the Inch-Hole is open, in order to 
have the Water be 7 Lines above the Center of this 
Hole juſt over it, it mult be above 8 Lines above it 
in the other Parts of tlie Veſſel; for there muſt he 
4 times more Water to ſupply the running of a 
Hole of 12 Line, than of a Hole of 6. Whence ir hap- 
pens, that the Water which ſucceeds that which runs 
thro' the great Hole, comes from a greater Diſtance, 
and conſequently cannot ſucceed fo eaſily; beſides, 
there is but one Line of it above the Hole, whereas 
there are 4 Lines of Water above the little Hole, 
which makes it ſucceed faſter. Moreover, it is very 

| Ts hard 


HYDROSTATICKS. 265 


hard to make Experiments which will exactly deter- 
mine how much Water runs out; for one may err 
in the Bigneſs of the Hole, the Height of the Wa- 
ter in the Veſſel, and the Time of the running out. 
Beſides, horizontal Jets give ſomething more Water 
than thoſe which ſpout upwards, and ſomething leſs 
than thoſe that ſpout downwards. 
Io determine rightly what an Inch of Water is, 
and to facilitate the different Computations accord- 
ing to the different Holes and Poſitions of the Aju- 
tages, you may ſuppoſe an Inch of Water to give 
14 Pints or 28 Pounds of Water in a Minute; and 
upon this Suppoſition I have made the following 
Calcularion. 

A Pendulum 3 Foot 8 Lines - long, from the 
Center of Suſpenſion to the Center of the Ball, will 
vibrate once in one Second, and therefore Co times 
in a Minute. 

If you would know without a Gage what Quan- 
tity of Water a Spring gives, you mult receive the 
Water of it in ſome great Veſſel; and if in half a 
Minute, or 30 Seconds, it gives 7 Pints, we may ſay 
that it gives an Inch of Water; if it affords 21 
Pints, that it gives 3 Inches of Water, c. 

According to this, an Inch of Water will give 3 
Paris Hogſheads in an Hour, and 72 in 24 Hours. 
A Hole of a Line Bore 1s the 144th Part of an Inch 
Bore, and it gives half a Hogſhead in 24 Hours; 
two Holes of a Line each will give a Hogſhead ; 
and a Hole of 3 Lines Diameter, which is equal 
to 9 Holes of one Line Diameter, will give 4 ; 
Hogſheads in 24 Hours. TR 

Ir has been found by feveral Experiments, that a 
Reſervoir, which is 13 Foot high above the Hole of 
an Ajutage of 3 Lines, will give an Inch of Water, 
that is, 14 Pints in a Minute, as it ſpouts upwards. 


And 
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And this we take for our Foundation, in confidering 
the Expence of Water of other Jets. 

When the Reſervorrs have the ſame Height, but 
difterent AJutages, their Expence of Water is in the 
the ſame Proportion as the Holes of the Ajutages ; 
that is, as the Squares of the Diameters of the Holes. 
Thus if a Re/ervorr of 13 Foot has an Ajutage of 6 
Lines Diameter, it will give 4 Inches; and if its 
Hole is one Inch Diameter, it will then give 16 
Inches in ſpouting upwards. provided that the Pipes 
which bring down the Water be of a ſufficient 
Bore, according to the Rules which ſhall be here- 
after given. In order to calculate the Expences of 
Water, take the Square of 3, which is 9; and if 
the new Ajutage has a Diameter of 5 Lines, you 
muſt work thus by the Rule of Three; ſaying, 
If 9, the Square of 3, gives 14 Pints, what will 25, 
the Square of 5, give? And you will find for your 
Fourth Number, 38 5, Cc. Here follows 2 Table 
of theſe Proportions. | 


A Table of the Expence of Water in a Minute, thro? 
ſeveral round Ajutazes ; the Water in the Reſer- 
voir ſlanding at the Height of 12 Feet. 


Thro an Ajutageof 1 Line Diameter, 1 Pint; and ;. 


S250 12: Lines, e 
'Thro' 3 Lines 14 Pints. 
Thro' 4 Lines.. - 25Pintsnearly. 
Thro' 5 Lines - - - 39Pintsnearly. 
%% - - - 56 Pints. 
Ss 7 Ley: -- - -  9y6Pines;. 
Thro 8 Lines, 110 Pints ;. 
Thro' 9 Lines 12s Pints 
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If you divide theſe Numbers by 14, the Quotient 
will give the Inches of Warer : Thus 126 Pints, di- 
vided by 14, give 9 Inches. It may be objected, 
that in ſome Experiments, great Holes give more 
Water in Proportion than ſmall ones; but that hap- 
pens by reaſon of other Cauſes, and often great 
Holes give leſs in Proportion. I made the follow- 
ing Experiments of it. I took a Pipe 6 Foot high, 
and 6 Inches Diameter, at the Bottom of which 
I fix d a Hole of 4 Lines, and one of 12. When 
the Pipe was full, two Holes were open'd at the 
ſame time, till the Pipe was half emptied. The 
Water that ran out at the two Holes was receiv'd in 
two different Veſſels; and whereas the great Hole 
ought to have given nine times more than the little 
one, it gave but about 8 times more. 

When the Heights of the Water in the Reſervorrs 
are different, the higheſt give more than the others 
in a ſubduplicate Ratio of the Heights; that is, as 
the leaſt Height to the mean Proportional berwixt 
it and the gre it Height. 

According to this Rule, if the Surface of the 
Water of the loweſt Reſervoir is 3 Foot high, and 
the Ajutage 3 Lines, you muſt take 6, which is a 
mean Proportional between 3 and 12 ; and becauſe 
6 is to 3, as 14 Pints to 7, therefore we may con- 
clude thata Reſervorr 3 Foot high will give half an 
Inch, that is, 7 Pints in a Minute thro an Hole of 
3 Lines. If the Height was of 4, you muſt take 
48, the Product of 4 by 12, whoſe Root is 7 
nearly; then as 12 to ), fois 14 to 8 and :; which 
ſhews that ſuch a Jer will give about 8 z Pints in a 
Minute, 1 


A Ta- 
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A Table of the Expence of Water in a Minute from 
| Reſervoirs of different Heights, the Ajutage having 
a Bore of 3 Lanes. 


An Height of 6 Foot gave - 10 Pints nearly. 
„f '- - - -- 11; nearly. 
of 9 - - - - 12 ; nearly. 
of 10 - - - 12; nearly. 
— i - 21 Boo!) : 
of 15 - - - -, 15 3 nearly 
J - 7 a7þ 7 
of 20 - - 183 
ofieg = - -''-: 20þ 
— - > = 22k 
of 35 - - - - 24 nearly 
of oo = - 25S. 
of 45 — 274. 70 
of 48 - - - - 2 Inches, or 28 Pints. 


When the Reſervoirs are above 50 Foot high, the 
—ů of 3 Lines are too ſmall, and the Expence 
0 


Water becomes ſenſibly leſs than in a ſubdupli- 


cate Ratio of 12 to 60 or 80, c. as well on account 
of the greater Friction proportionably, as the greater 
Reſiſtance of the Air. 

When the Water does not ſpout ſo high as it ought 
to do, either becauſe the Pipes of Conduct are not 
big enough, or for any other Reaſon, we muſt compute 


the Expence of Water according to the Height of 


Re/ervorr which would produce ſuch a Jet, agreeable 


to the following Table: As for Example, if a Reſer- 


voir of 45 Foot ſhould throw up its Jer but 20 Foot, 
you muſt compute the Expence of Water as if it 
was ſupply d from a Reſervoir 21 Foot 4 Inches high. 


Ajurages of 1 + Line do not ſpout ſo high as thoſe 


of 
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of 4 or 5 Lines, when the Reſervorr is 8, 10, or 
12 Foot high, c. Bur yet we muſt compute the 
Expence of Water 9 to the Height of the 
Reſervoir when the Conduct of the Water is free 
and big enough. Sometimes in making Experiments, 
we find, that when the Pipes are very unequal, the 
biggeſt give more Water than according to the ſub- 
duplicate Ratio. But the Reaſon of this is, that in 
order to ſupply a jet which ſpends a great deal of 
Water, you muſt pour in the Water with great 
Swiftneſs, which gives a Shock to the Water of the 
Veſſel, or artificial Ræſervoir, and by that Impulſe 
makes the Water go faſter out at the Ajutage than it. 
would do by the Weight of Water from a real 
1 —— . — 


_ Concerning the Height of Jets. 


The Reſiſtance of the Air hinders Jets from riſing 
up to the Heights of the Re/ervorrs ; and the more 
Air is to be paſsd thro', the more ſenſible is that 
Reſiſtance. Here follows a Way of determining this 
Diminution of Jets from the Height of their Re- 
—__ 23500 oy. 

Take a Ball of Lead of about one Inch Diameter, 
and a Ball of Wood of about the Diameter of the 
Hole, and whoſe ſpecific Gravity is ſo little leſs 
than that of Water, that when it ſwims in Water, it 
may be almoſt all cover d: Throw them up with 
the ſame Force, in ſuch manner that the Ball of Lead 
may go up as high as the Reſervorr, or very near; 
then obſerve where the Ball of Wood will go, and 
that will be nearly the Height of the R-ſervorr,” © - 

Another Way by Calculation, is built upon this, 
That the Differences of the Height of the Re/er- 
voirs, and of the Heights of the Jets increaſe in a 
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4 1 Ratio of their Heights: As for Exam- 
ple, it the firſt Jer riſes 5 Foot, and its Reſervoir A 
is higher by an Inch, a Jet of 10 Foot will have its 
Reſervoir higher by 4 Inches; for 5 is to 10, as 1 ] 
to 2, and the Square of 2 i$4 ; therefore as 1 is to 
4, fois 1 Inch to 4 Inches. In this Caſe it is ſup- 
pos d, that the Pipes are ſufficiently large, according l 
to the Rules which ſhall be given. ob wh | 
A Table of the different Height of Jets. | 
Height of the Jets. — Height of the Reſervoirs, | 
Feet. Feet. Inches. . 
„CCC 
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The Friction againſt the Sides of the Ajutages 
does ſomething diminiſh this Proportion in great 
Heights; therefore it is neceſſary for great Heights 
that the Ajutages ſhould have a Bore of 10 or 12 


Lines Diameter; for if they were but of 2 or 3 


Lines, they would rife to a much leſs Height than 
what is found in this Table; beſides, the Air reſiſts a 
little Body much more than it does a great one 
may be ſeen in Fire Arms, which ſhoot a great Bal 
much farther than a little one, or than Shot or 
Lead-Duſt. If a Pipe 136 Foot high throws up its 
Jet 100 Foot thro” an Ajutage of 12 Lines; it does 
not follow that a Pipe of 344 Foot, ſhall, thro” the 
ſime Ajutage, raiſe its Jet 200 Foot, tho” the 
Height of 344 Foot exceeds that of 200 by 144, 
which is 4 times 36. In the Velocity of ſuch Jets 
the Air reſiſts ſo much, that the Water by the Shock 
is reduc'd into a Miſt, and fo cannot riſe very high. 
I have alſo found by Experience that the Pipes muſt 
have a confiderable Bore quite to the very Ajutage, 
and ſo much the larger, the bigger the Ajutage is. 
Here follow the Rules for that Purpoſe. . 
A Reſervoir of 5 Foot, having an 5 of 6 
Lines, muſt have the Pipes cloſe to the Ajutage, 
about two Inches in Bore. The beſt Figure for 
bringing the Pipe to the Ajutage muſt be as is repre- 
ſented in the 114th Fig. by ABC ; that is, the 
Bend in B muſt not be at right Angles, as in the 
115th Hg. abcd. And for mean Heights, as fat as 
10 or 12 Foot, there is no occaſion for a long Pipe 
at the going out of the Water, as cd, for th 
Friction would conſiderably retard the jet; but the 
Thickneſs of the Metal is enough to be be be bor'd 
through, as in ig, If the Reſervorr is 21 
Foot 2 Inches high, and the Hole of rhe * 6 
"ET ines, 
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Lines, the Jer will not riſe to 20 Foot, if the Con- 
duCt-Pipe be but a two Inch Bore, becauſe rhe 
Friction will be too great in that narrow Tube, where 
the Water will run twice as faſt as when the Re/er- 
vorr was but 5 Foot high ; and therefore ir muſt he 
wider, that the Water may run down ſuch a Pipe 
to ſupply the Jet with the ſame Velocity: Then in- 
ftead of 2 Inches, the Bore of the Pipe muſt be 2 
2 nearly; becauſe the Velocity being in a ſubdupli- 
cate Ratio of the Heights, the Velocity of this laſt 


Jet will be double that of the other, and conſe- 


quently the Square of the Diameter of the Bore of 
its Pipe muſt be double the Square of the Diameter 


of the other. On this Rule depends the following 


A Table of the Diameter of the Pipes and the diffe: 
rem Adjutages, according to the Height of the 
_ Reſervoirs. Je . 


Height of the  Diameters of the Diameters of 


_ Reſervoirs. Ajutages. the Pipes. 
5 Feet 3, 4, 5, or 6 Lines 22 Lines 
To 14, J. or 6 Lines 25 Lines 
15 J, ot 6 Lines 2 Inches 
TP 2 In. | 
777 ==. - £ 24 
F 3 In 
40 J, or 8 Lines - 4 In. 
IS nn 
„ 10, or 12 Lines 5 1 ot o In. 
12, or 14 Lines. 5 or 7 In. 
100 12, 14 or 15 Lines 7 or 8 In. 


ae A Table 
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If the Jet has an Ajutage of 12 Lines, and the 
Reſervoir 84 Foot high; the jet will riſe to near 
65 Foot. If the leaſt Pipes near the Ajutage be of 
7 or 8 Inches Diameter, it will give near 40 Inches; 
and thro' an Ajutage of 14 Lines it will give 
54 Inches, which amount to 3888 Muzds or 
Hogſheads in 24 Hours; and if the Reſervoir be 50 
Foot ſquare, it muſt be about 13 Foot deep to ſup- 
ply the Jer 24 Hours; and to play ir only 12 Hours, 
it may be but a little more than 40 Foot ſquare, and 
10 Foot deep, to contain 1944 Hogſheads. If the 
Jets do not play continually, and Cocks be fix d in 
the Conduct-Pipes to ſtop the Water at Pleaſure, 
their Water way mult be equal to the Bore of the 
Pipes; for if it was leſs, their Friction would di- 
miniſh the Height of the Jer. The Pipes ſhould be 
wider in thoſe Places to admit of proper Cocks. | 
When the Reſervoirs are very high, and the Pipes 
at bottom are of 5 or 6 Inches Diameter, they are 
in danger of breaking by the Weight of the Water; 
and the leſs their Bore is, with the more Difficulty 
they break when their Thickneſs is the ſame. The 
following Rules may be obſerv'd. - Suppoſe that 
an Height of Reſervoir of 30 Foot cannot break or 
unſolder a Copper Pipe of ; of a Line thick, 
but that it cauſes it to break when the Pipe is thin- 
ner, as only the 5th Part of a Line; if you make 
the Pipes wider, without raifing the Reſervorr, you 
muſt increaſe the Thickneſs in the Ratio of the Diames 
ters; for on the one hand, the Weighr of the Water is 
in a duplicate Ratio of the Diameters, wherefore if the 
Diameter is double, the Weight of the Water will be 
quadruple, and the ſolder d Circumterence double, 
which renders the Reſiſtance double. Therefore there 
only remains the ſimple Ratio ot the Diameters, if you 
ſuppoſe that the Water, by = Weight, cauſes * 
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of the Metal and of the Solder to ſeparate from each 


other, as the Parts of a Stick, which ſhould be 
ibs perpendicularly. Thus if the Pipe be 6 


nches Diameter for an Height of 30 Foot, the 


Metal will be half a Line thick ; if it be a Foot 


Diameter, it muſt be one Line thick. 


- When the Reſervorrs are higher, the Diameters of 
the Pipes remaining the ſame, the Thickneſs of the 
Metal is to be increas'd in direct Proportions of the 
Heights. Thus for a Reſervoir of 60 Foot, the 


Pipe being 3 Inches wide, muſt have a Thickneſs of 
half a Line; and for a Reſervorr 120 Foot high, it 
muſt be a whole Line thick. 


If the Pipes are both higher and wider, the two 


"Proportions muſt be obſerv d. Thus if the Pipe be 
60 Foot high, and its Diameter 8 Inches, you muſt 


take half a Line, becauſe of its Height of 60 Foot; 
and for its Diameter you muſt work by the Rxle of 
Three; ſaying, as 3 Inches are to 8 Inches, ſo is half 
a Line to; which ſhews that the Thickneſs of the 
Metal muft then be 1 : Line thick. 1 

If you ſuppoſe the Solder to hold faſter than the 
Parts of the Metal, you may conſider the Plate of 
Fg. 114, in which the Ajutage is, as the weakeſt 
Part, and which muſt break in its Middle, or near 
the ſolder'd Part, at the Edges; and becauſe a 
Wooden Ruler can, when it reſts upon both Ends, 
ſuſtain a Weight double of what it would do, if it 
was twice as long; and if the Weight be diſtributed 
along a Ruler in ſeveral ſmall equal Parts, it may, 
without breaking, ſuſtain twice as much as if the 
7 was all in the Middle ; It follows, that if 
the Plate was ſquare, and that it could be laden 


with a Height of Water of 20 Foot, without break- 


Is it would be able to ſuſtain but half the ſame 
Weight if it was twice as long, and no wider; 5 
: 8 en 
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2 5 de otros os. 1550 
then it would be laden with twice as much Water, 


- 


and conſequently it would he able to ſuſtain but 3 0 


it: Therefore according to the Doctrine of Galileo, 


its Thickneſs ought to be doubled to make it ſtrong 
enough: * The ſame thing would happen if it was 
round; for on the one hand the Weight of the 
Water would be doubled, but its Reſiſtance would 
he alſo doubled, and being round, it would reſiſt 
proportionably. i n, 1 

Therefore for Pipes of different Diameters, and 
equal Heights, you muſt increaſe the Thickneſs of 
the Metal of the Plate, which has the Ajutage, ac- 


cording to the Ratio of the Diameters, if the Plate 


is the weakeſt Part. 
When the Water is carried a great way, as 1000 
Fathom, the Friction diminiſhes the Height of the 
jets, and the Expence of Water, eſpecially if the 
Tubes be too narrow. Theſe following Rules may 
be obſerv'd. a 
If you have a Reſervoir of 80 Foot; and Water 
endugh to ſupply 6 Jets of 9 Lines each, you mult 
rake the Square of 9, which is 81: Its Product 
by 6, glves 486, whoſe ſquare Root is about 223 
which ſhews that the 6 Jets of 9 Lines each give as 
much as one ſingle one of 22 Lines. And becauſe a 
Jet of 22 Lines Diameter gives much more Water, 
than one of an Inch; namely, in che Proportion 
484 to 144, the Squares of 22, and of 12; the 
Diameter of the Pipe muſt alſo be in the ſame Pro- 
portion in reſpect of 7 Inches, agreeable to an 
Height of 8 Foot. Therefore as 12 is to 22, ſo is 7 
to 12 and ; nearly; which ſhews chat the great Pipe; 
as far as the Place where it it is hranch'd out to the 
ſeveral Jets, mult be 13 Inches Diameter, and thar 
each Branch muſt be a 75 Inch Bore; and in ſuch I 
Eaſe the Jets will riſe * than 60 Foot, and 
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the Jets will riſe to 65 Foot, notwithſtanding the 
long way that the Water is carried, if the main Pipe 
be 14 Inches Bore. Other Computations may be 
made according to the ſame Rules. 

In very high and large Jets, the Ends of the Pipes 
and their Ajutages muſt be pretty near in the man- 
ner repreſented in Fig. 116 at ABCD: For ſup- 
poſe the Pipe ABC to have 7 Inches Diameter, 
you muſt reduce it to half by narrowing the Pipe, 
and make the Part F D three or four Inches high ; 
then make a ſecond narrowing quite to the Ajutage; 


and if its Hole is one Inch in Diameter, an Height 


of 6 Lines at right Angles will be ſufficient for di- 
recting the Jet; and if it ſhould riſe but 50 Foot, 


3 or 4 Lines would be enough ; for the higher D E 


is, the more will the jet fall ſhort; and the 
{ſmoother the Bore of the Ajutage is, the finer will 
the ſet be. ˖ 

To divide the Water for ſeveral Jets, and know how 
much you oughr to allow for each, (which will alſo 
ſerve for diſtributing the Water of a Spring togſeveml 
Perſons) you mult have a Gauge-Veſſel, whoſe Holes 
are ſquare, and not round: As for Example, if AB 
(Fg. 117.) be the Top of theGauge-Veſlel, and CD 


tze Height of the Water, you mult have your ſquare 
Holes about two Lines below the Surface CD, along 


a ſtrait. horizontal Line EN. Now if it be divided 
into ſeveral Squares an Inch high, as EFPH, thoſe 
Holes will give more than an Inch ; for if circular 
Holes give 14 Pints in a Minute, ſquare ones will 
give a Quantity which will be to 14, as 14 to 11 ; 
which Proportion of 14 to 11, is nearly that of th:; 
Square to the Circle, whoſe Diameter is equal to 
the Side of the Square. If then a round Inch, or 
Circle of an Inch Diameter gives 14 Pints in a 
Minute, a ſquare Inch will give almoſt 18 FORE 
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for 11 is to 14, as 14 Pints to 17,9. You muſt 
therefore divide E F into 14 equal Parts; and if 
E R contains 11 of thoſe Parts, the Rectangle or 
long Square ER SH will be nearly equal to a 
round Inch, and will give one Inch of Water, that 
is 14 Pints, in a Minute, provided the Water of the 
Gauge - Veſſel is kept at the Height C D. You may 
make ſeveral Figures equal to ERS H under the 
fame Line, as RLT S, LMVT, Oc. If you 
would give half an Inch, you muſt divide one of 
the long Squares, as æ 1 0g, into twa Parts down 
the Middle by the Line XV; and then it will give 
half an Inch, that is, 7 Pints in a Minute; and in 
other Diviſions you may uſe the ſame Method, 
taking a Third, as ix 49, or a Fourth, c. You 
will alſo have this Advantage, that if the Water of 
the Spring ſhould decreaſe, and fill but the Third, 
the Half, or the two Thirds of the Height of the 
Holes in the Gauge-Veſlel, every Perſon will want 
in proportion to the Quantity which they uſed to 
have; which can never happen when the Holes are 
round; and if there be a little more Friction in pro- 
portion in the leſſer than the greater Holes, that is 
recompens d, becauſe the Water follows beſt to ſup- 

ly a ſmall running out. If you would give 3 or 4 
nches, take 3 or 4 entire Holes, each equal to 
E RSH, as EMV, for the 3 Inches. 

Theſe Rules may be applied to any Difficulty that 
may ariſe concerning Jets d Eau. As for Example, 
if you have a Reſervoir or a Spring 40 Foot above 
an Ajutage, which can give 20 Inches, and you 
would employ it all to play one Jet ; you mult look 
at the Table, and you will find that an Ajutage of 
3 Lines, having ics Reſervoir, at the Height of 40 
Foot gives 25 Pints in a Minute. Then by the 

Rule of Three ſay; If 25 3 Pints are given by 9, the 
TEA Square 
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Square of 3, what will 280 Pints (which 20 Inches 
ive in a Minute) be given me by? And you will 
— 98 i for your Fourth Number, whoſe ſquare 
Root is 10 nearly; and that ſhews that the A jutage for 
ſuch a Jer muſt be of almoſt 10 Lines in Diameter, 
and that in riſing 35 Foot, it will take the 20 Inches, 
if it plays continually. But if you would have the 
Jet play only 12 Hours by Day, you may, during 
the Night, let the Water run into a great Keſervorr 
which ſhall hold 720 Muids, or Hogſheads, and 
have Water enough for a. Jer of 14 Lines, or fot 
two of about 10 Lines, to play 12 Hours together. 
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ANNOTATIONS. 


- Page 4. O underſtand why this Aerial Mat- 
„ ter, &c.] That the Particles of 
Air have a centrifugal Force, (that is, that they re- 
pel each other from their reſpective Centers) is 
provd from its Denſity being equal to its Com- 
preſſion; and from this Principle may be explain d 
the Reaſon why the Air in Water takes up more 
Space when in Bubbles, than whilſt it is inviſibly 
diſpers d, and, as it were, diſſolv'd in Water. For 
when ſeveral Particles of Air are got together in the 
Form of à Bubble, their Centrifugal Force exerts 
its ſelf, ſo as to make them recede farther from each 
other than they would do if there were Particles of 
Water between them; which, by their Attraction, 
bring the Particles of Air nearer together than their 
repelling Force would otherwiſe allow : So that if 
for Example, 20 Particles of Air form a Bubble, 
there will be ſo much interſpers d Vacuity between 
them, that the Space taken up in the Water by that 
Bubble will be much greater than the Sum of the 
Spaces of the ſaid 20 Particles, when they are 
diſpers'd and inviſible in the Water. To make this | 
Plalner, let us ſuppoſe” ABC (FEE. 418.) to'be gg 
three Particles of Air, the neareſt to each other that 
their repelling Force will allow of when there is no- | 


thing between them; * if rwo Particles of Wa- 
rl | 4 cer 
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ter de (Hg. 119) capable of attracting Particles of 
Air, get between the ſaid Particles, they will, by 


their Attraction, bring A B and C ſo near together, 
as to be in the Poſition of Eig. 120; the Particles of 


Water in this Cale acting counter to, and diminiſnu- 


ing ſome of the Air's repelling Force. But if the 
Particles of Water 4 e be remov'd, the Particles of 
Air will be reſtor'd to all their repelling Force, and 
they will recede from each other as far as ABC 
(Fig. 118.) as they did before. Further, Let the 
Fig. 121. repreſent ſome of the Particles of Air 
which make up a Bubble in Water or in Ice; if 
there be not room between the Particles of Air 1, 
2, 3, 4, 5, 6, for Particles of Water to get into 
this Spherule of Air towards its middle Particle 7, 
then that middle Particle and the other round about 
will repel each other ſo ſtrongly, as to leave prerty 
large Vacuities interſpers d as J, n, u, o, p, J; but if 
Particles of Water can inſinuate themſelves between 
the Particles of Air, ſo as to get into the middle of 
the void Spaces, J, m, &c. all the Particles of Air 
will be brought neater together, and take up leſs 
room than before, as in Fg. 122, where 1, 2, 3, Cc. 
repreſent the Particles of Air, as before, and the 
Black Circles, thoſe of Water. Now if the Parti- 


cles of Water get from between thoſe of Air, the 


Particles of Air will again repel each other with 
their full Force, and ſo make a larger Bubble. Be- 
fides a large Bubble of Air is leſs preſs d in Proportion 
to its Bulk than a ſmall one; becauſe the Preſſure of 
the Water upon it is always as its Surface ; whereas 
the expanſiye Force of the Air is as the ſolid Con- 
tents of each Bubble; which encreaſes as the Cube of 
the Diameter of the Bubble, whilſt the Surface 
encreaſe only as the Square of the ſaid Diameter. This 


apply d 59 the Fatts which che Author relates in his 


Account 
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Account of the Experiments of freezing Water, will 
account for the Dilatation or ſtrong Rare faction of 
the Air in the freezing Water, which happens when 
the Particles of Air can better come at each other, 
as thoſe Particles that are purely aqueous become 
fix d; for Cold, that in all other Caſes condenſes 
the Air, could never rarify it here. 


That there is ſuch a Principle in Nature as Repulſion, 

without Contact of the Particles of Matter, is cer- 

tain from Phenomena ; tho the Cauſe of it cannot 
pet be alien d. 3 


Page 11. To explain the Reaſon of this Viſcouſ- 
neſs, &c.] This Viſcouſneſs may rather be call'd 
an Attraction of Coheſion, by which the Parts of Bo- 
dies cohere ſtrongly in Contact, but act but very lit- 
tle upon one another at a ſenſible Diſtance; for ſeve- 
ral Experiments confirm that Property in Nature; as 
that of a Drop of Oil of Oranges moving between 
two Glaſs Planes, and advancing ſwiftly as it comes 
nearer to the touching Ends, (ſee Philof. Tranſa#. 
Numb. 232.) ; that of Water riſing of it ſelf between 
two Glaſs Planes, and in Capillary Tubes; and ſe- 
veral others, too long to mention. I ſhall only take 
Notice of one Proof more, becauſe T don't know 
that any Body yet has obſervd it. The 123d Fig. 
repreſents a broken piece of an hollow Cylinder of 
Glaſs, which was an Air-Pump Receiver: H I is a 
Crack in the Glaſs, of which only the part HB is 
viſible, till, by pulling the Ends K and F, you open 
ir farther ; as for Example, to I. Now if an Eye 
plac'd at E, endeavours to ſee an Object at C, when 
the crack d Part A is interpos'd, it will not ſee the 
Object, becauſe the Rays coming from C ro the 
Jower Lip of the Crack H I, jult under A, 9 
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that Surface of Glaſs reflected to G, and ſo does not 
come to the Eye; whilſt the Rays that come from 
R, and fall upon A, are reflected to the Eye, and 
enter it ; ſo that it ſees only the Crack in the Glaſs, 
inſtead of the ſmall Object at C. But if the Eye 
looks at an Object plac'd at D, it will ſee it as 
plain as if there was no Crack in the Glaſs, not- 
withſtanding the Part B of the Crack is interpos'd 
as much as the Part A was before : So that the 
Rays from D go directly to the Eye at E, without 
being reflected downwards to F, as in the former 
Caſe ; neither are the Rays coming from 7, to the 
Crack at B, reflected by it to the Eye, but they 
is on to F. If whilſt every thing elſe remains as 
re, you pull K and F to open the Crack farther, 
than it was viſible before, B will be reflected to 
the Eye, D B to F, the Object D will diſappear, 
and only the Crack be ſeen at B; for now the Rays 
of Light, which, when they came to B, were at- 
- trafted by the Surface of the loweſt Part of the 
crack d Glaſs (and therefore went ſtrait on to F) 
do not come near enough to that Surface, to be 
within the Power of its Attraction; and the Caſe be- 
comes the ſame as when A was the Point of Inci- 
dence; but if you let go the Ends K F, the Lips of 
the Crack will come ſo near together, that the Ra 
7 B will be attracted by the lower Part of the Glaſs, 
as before, and paſs on to F, whilſt the Ray D B 
paſſes on to the Eye, and the Object at D is again 
ſen, whilſt the Crack at B diſappears. It may 
therefore be concluded, that the nearneſs of the 
Particles, and not the hook d Figure, is concern'd in 
this ſort of Cohæſion. Nay, there are ſome Parti- 
cles of Matter that may have an attractive Faculty 
on one Side, and a repulſive on the other; as ma 
pe gather d from a Conſideration of the Fits of caly 
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Reflection, and Fits of eaſy Tranſmiſſion of a Ray 
of Light, according as it offers different Sides to the 
Refracting Body. Sce Sir Iſaac Newton's Oprics, 
laft Edition. Page Cc. J ; 
Pag. 37. Ii it very probable that the Moon, &c.) 
This Con jecture implies a Plenun, or that our 
Atmoſphere reaches beyond the Moon; both which 
Suppoſitions are falſe. But there may be a Wind 
or Current of Air from the Poles towards the Equa- 
tor when the Moon is New (as alſo when it is Fullz) 

| becauſe as the joint Attraction (or Gravitation) of 
the Sun and Moon raife a Tide in the Ocean at the 
New and Full Moon, they muſt alſo raiſe one in 
the Air, which therefore will flow in from the Polar 
Regions. And this will anſwer our Author's Phe- 
nomenon, tho he has miſtaken the Cauſe. 
Pag. 74. The whole Quantity of Water that 
riſes, &c.] Tho' in dipping a ſmall Tube in Water, 
the Quantity that riſes of it ſelf may be no more 
than- a large Drop; yet a far greater, nay, an im- 
menſe Quantity of Water will be ſuſtain d above the 

Level of the other Water by the Attraction of Co- 
hæſion, by means of a Capillary Tube. For if 
there be a Funnel, as ABC (Fg. 124.) full of Wa- 
ter, and whoſe wide End ſtands in a Veſſel of Wa- 
ter, as BC, and the Top of the Funnel A ends in a 
Capillary Tube open at A, the whole Water will be 
ſuſtain d; the Pillar A a by the Attraction of the Circle 
of Glaſs within the Tube immediately above ir, and 
all the reſt of the Pillars of Water as F, D d, Ee, Gg. 
Ec. in ſome meaſure, by the Attraction of the Parts 
of the Glaſs above them, as FD EG; and that the 
ſmall Pillars or Threads of Water D d, and Ee, do 
not flide down to F/, and 10 go quite down, ſeems 
to be owing to their Cohæſion with the Pillar A 2. 
which is ſuſtain'd by the Capillary Tube A; for if 
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you break off the ſaid Tube at DE, the whole Wa- 
ter will preſently fink down. But I ſhall ſay no 
more of this Matter, becauſe I would not anticipate 
what is expected from Dr. Jurin, an ingenious 
Member of the Roya / Society, who is now purſuing 
this Enquiry, and from whom I firſt had that Ex- 
iment of the Funnel. | | 
That Air has nothing to do in this Caſe, appears 
by making the Experiments in Vacuo, where Water 
will ſpontaneouſly riſe in ſmall Tubes; and the Wa- 
ter ſuſtain'd in a Funnel or widening Tube, which 
ends in a Capillary one, will continue to be ſuſtain'd 
when all the Air is drawn out of the Receiver, pro- 
vided that that Water was well purg'd of Air before 
ſaid Funnel or Tube was fill d with it. | 
That Mercury does not riſe in, but is rather de- 
preſs d by a ſmall Tube thruſt into it, is owing to 
this, vis. That the Parts of the Mercury attract 
each other more than the Glaſs attracts them; and 
ſo the Mercury in the Veſſel attracts back that Mer- 
cury which ſhould hang in the capillary Tube; for 
in ſome Caſes Mercury will be ſuſpended even by 
Glaſs, as in the Gauge of the Air-Pump, where 
Mr. Boyle firſt obſerv'd that the Mercury would hang 
at 40 or 50 Inches, Ec. and ſeveral have made ſuch 
kind of Experiments fince. This is further prov'd 
by preſſing down to the flat Bottom of a Glaſs Diſh 
full of Mercury a ſtrait piece of Iron Wire of about 23 
of an Inch thick, which will remain at Bottom, tho 
it be ſpecifically lighter than Mercury; for the Mer- 
cury which ſhould get under it to buoy it up, (being 
more attracted. by the other Oey than by the 
Iron Wire and the Bottom of the Glaſs Diſh) is hin- 
der d from ſo doing, as may appear by looking up- 
wards at the {aid Wire through the Bottom of the 
Diſh, where you will ſee almoſt the whole * 
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of the Wire cloſe to the Bottom, without any Mer- 
cury betwixt ir and theGlaſs. But if inſtead of Iron, 
you uſe a Silver Wire of the ſame bigneſs, the Mer- 
cury being more attracted by the Silver, will imme- 
diately · get under and buoy it up; neither can you 
then ſee the Wire thro'"the Bottom of the Diſh, 
tho' you keep it down with your Finger. Yet if the 
Silver Wire be foul or ſmoak'd, it will be kept 
down like the Iron, becauſe the Foulneſs about it 
keeps the Mercury ſo far off from the Silver, as to 
be out of the Power of the Attraction of Co. 
o 57 5 

If Cohæſion was owing to hook d Particles, as 
our Author ſuppoſes with the Carteſians, there muſt 
be ſecond Hooks to hold the firſt, and third Hooks 
to hold the ſecond, and ſo on in inſinitum, which 
is a very unphiloſophical Suppoſition. 

Pag. 92. Tow mu th weigh it in Water, &c.] To 
be very exact, the String by which you ſuſpend any 
thing in Water, ought to be a Horſe-Hair, becauſe 
that is of the ſame ſpecifick Gravity with Water. 
But the beſt Machine for thoſe Experiments is the 
Hydroſtratical Balance, invented by the late inge- 
nious Mr. Francis Hawkſbee, F R S. and deſcrib'd in 
Dr. Harris's Lexicon Technicum, Pt. 2. 
P. 92. SpecifickGravity of Gold, &c.] The Spe- 
cifick Gravity of fine Gold without Allay, is to that 
of Water as 19 to 1. 

P. 96. A great Heap of Spunges, &c.] See the 
Annotations to Page 4. | 

P. 111. Thoſe that go 7 or 8 Foot under Na- 
ter, &c.| Thoſe that go under Water in the Diving 
Bell ( ſee Phil. Trans. Numb. 249) may go down 
100 Foot under Water without feeling any Preſſure, 
becauſe the Air in the Bell being condens d in pro- 
portion to the increas d Preſſure of the 2 - 

reat 
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breath d by the Diver in the Bell; and therefore get 
ting into all the Cavities of his Body, enables him 
to faſtain this additional Preſſure, as much as breath- 
ing the common Air makes us ſuſtain rhe uſual Preſ- 
ſure of the Atmoſphere ; which, when the Mercury 
ſtands at 30 Inches, is above 32000Pounds upon a Man 
of a middle Stature. But if a Diver wyithout a Bell 
went down 20 or 30 Fathom under Water, he would 
ſuffer ſo much from the great Preſſure, as hardly to 
come up alive, tho he ſhould go down in the Cop- 
or Braſs Diving Engines, which communicate 
with the ſuperior Air, becauſe the Arms and Legs 
are only cover'd with Leather. | 
P. 116. A Rocket riſes f the Impulſe of the 


Hame agamfi the Air, &c. | The Author here 
miſtakes the Reaſon of the Riſe of a Rocket, which 
is no way owing to the Air's Reſiſtance ; for, firſt, 
if we ſuppoſe the Air's Reſiſtance equal to the Im- 
"pulſe of the Flame, ir will be as if the Rocker had 
no Vent; and therefore in that Caſe, it muſt either 
burſt, or remain immoveable. If the Impulſe be 
_ the Air's Reaction againſt the Flame coming 

wards, cannot impell the Rocket upwards, un- 
leſs the Flame ſhould be a ſolid Body. Laſtly, if 
the Impulſe be leſs than the Force of the Air, no 
Flame can come our of the Rocker.--- To underſtand 
the true Reaſon of the Riſe of a Rocket, we muſt 
firſt confider it as if it had no Vent at the Choak or 
Mouth A (Fig. 125) and was ſet on Fire in the conic 
Space bed; the Conſequence of which would be, 
either that the Rocker would burſt in the weakeſt 
Place, or that if all Parts of it were equally ſtrong, 
and able to ſuſtain the Impulſe of Flame of the 
Powder, the Rocket would remain immoveable. 
Now as the Force of the Flame is equal every way. 
let us ſuppoſe its Action towards A and towards E 
. 1 0 
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to be able to lift 40 Pounds; but as the Directions 
of thoſe Forces are equal and contrary, they will 
deſtroy each other's Action: Then if you imagine 
the Rocket open d at A, the Action of the Flame 
downwards is taken quite away, and there remains 
a Force equal to 40 Pounds acting upwards in 
the Direction Ac E, which carries up the 
Rocket with its Stick F G. This will appear 
by obſerving that when the Compoſition of the 
Rocket is very weak (ſo as not to give an Impulſe 
greater than the Weight of the Rocket and Stick,) 
it will not riſe; if the Compoſition be only ſlow, the 
Rocket will not riſe at firſt, whilſt the Action of the 
Flame upwards is only againſt c, the Vertex of the 
hollow Cone; but when the Compoſition is con- 
ſum'd as far as h in, the Flame acting upwards againſt 
a greater Surface, namely, againſt þ 7, the Rocket 
will then riſe up. The Uſe of the Stick is ro keep 
it perpendicular; for if the Rocket ſhould begin to 
tumble, moving round the Point A (which is the com- 
mon Center of Gravity of the Rocket and Stick) 
the End G of the Stick F G would beat fo much 
Air, and with ſuch Velocity, upon account of its 
_ Diſtance from A, that the Reaction of the Air, by 
Reſiſtance, muſt reſtore the Stick, and conſequently 
the Rocker to a perpendicular Poſition ; but when 
the Compoſition within the Rocket is quite conſum'd, 
and the Impulſe upwards is ceas'd, the common 
Center of Gravity will be brought down to F, the 
Velocity of G diminiſh'd, and that of E increas d; 
ſo that the Rocket will tumble over, and fall with 
the End E downwards. All the while that a Rocket 
burns, the common Center of Gravity is getting down- 
*wards, the faſter and the lower, rhe lighter the Stick 
is; ſo that ſometimes it tumbles over before it is 
burn d out; but when the Stick being heavier, the 
* 6 Weight 
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Weight of the Rocket bears a leſs Proportion tes 


that of the Stick;-the common Center of Gravi 
will not get ſo low, and the Rocket will riſe ſtrait, 
tho' not 10 faſt. . | 4 N 
The Mean between theſe muſt be found by poiſing 
the Rocket and Stick acroſs your Finger: if = 
would uſe a light Stick, poiſe ſo as to have the Cen- 
ter of Gravity juſt at A, the Mouth of the Rocket; 
and for a heavy Stick, let not the Center of Gravity 
be lower than 5 or 6 Inches off from the Mouth. 
Pag. 129. Air ie 754 times rarer than Va- 
ter, &c.] The Denſity of Water to that of Air, is 
found to be betwixt 800 and 900 to 1, by com- 
paring ſeveral Experiments together. | 
P. 133. The Paris Muid, &c.] Tho' I have gi- 
ven the Word Barrel to expreſs the Mid, every 
where but in the Practical Rules for Fets ; yet ſince 
it comes ſo near to our Hog ſhead, I would have the 
Reader call it every where Hog ſhead. 
P. 153. The Length of the Thread, &c.] By 
comparing the Exgliſb and French Meaſures toge- 
ther, as I have given their Proportions before the 
Preface, it appears that the Length of a Pendulum, 
nehſp Meaſure, is 39 Inches, and to Tenth Parts 


of an Inch. yu 
P. 154. In the Countries near the Equator, &c.] 


Tho' the centrifugal Force of thoſe Parts of the 
Earth near the Equator takes off from the Gravity 
of Bodies in the Torrid Zone; yet that Cauſe is not 
ſufficient to anſwer for the ſhortning of Pendulums 
in the Proportion above-mention'd. But if another 
Cauſe be taken in, namely, that the Earth is higher 
at the Equator than at the Poles, by about 17 Miles, 
thoſe two together will anſwer for the Diminution 
of Gravity, as we come nearer to the Equator. 


P. 225. 


—— 


* 
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Pag. 225. The Velocity of the Water is flopp'di by 
the Frielion, &c.] Our Author does not allow 
enough for the Decreaſe. of the Velocity of Water 
running thro' a long Condutt-Pipe. For! if the 
Height of a Reſervoir be ſuch; that thro a Hole of 
1 Inch and ; it ought to give 90 Ton of Water in 
an Hour; which, according to Monſieur Marr:vte's 
Experiments, it muſt do, if the Water of the Re- 
ſervoir be. about 100 Foot above the Hole, and the 
Conduct big enongh ; yet at the Diſtance of 1400 
Yards thro* a Pipe of the Bore of the Hole all the 
way, it will not give above 5 Ton in an Hour. The 
Experiment of this was tried at the Right Hongurable 
the Earl of Caernarvon's, by Mr. . Lowthorp (M. A. 
F. R. S.) and my ſelf; and the fame ingenious Gen- 
tleman aſſures me, that he has often tried it, and 
found ſuch a Deficiency ; but what is moſt ſur- 
prizing in the Experiments of this Nature which he 
has made, is, that the Quantity of Water diminiſhes 
rather in Proportion to the Length that it runs, than 
to the Friction againſt the Sides of the Pipe; for if 
a ſeven Inch Pipe and a three Inch Pipe run the ſame 
Length, as for Example a Mile, the Deficiency will 
not be directly in Proportion to the Diameter, as it 
ought to be on account of the Friction, but nearly 
in Proportion to the Quantity of Water that each 
Pipe ought to give. 

Page 266 A Table of the Expence, &c.] Tho” 
this Table differs from that of Page 174, in having 
the Reſervoir only 12 inſtead of 13 Foot high above 
the Ajutage, and ſeems likewiſe to differ from 
what he intended by what he ſays before; yet as 
the Difference is not great, and he makes his Cal- 
culation afterwards according to that Height, 1 
thought proper to leave it as I found ir in the Dutch 
Edition, rather than to alter all the Numbers. 

U - Page 
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Page 26 and 201. Take a Ball of Lead, &c.] The 
Ball of Lead ought to be thrown up with the 
ſame Velocity as the Ball of Wood, which it 
cannot have, unleſs it be thrown with a Force as 
much greater as its ſpecific Gravity is greater than 
that of the Word. 


N. B. A full Account of the Reaſon of the Water's 
riſing in, and being ſuſtain d by ſmall Tubes, has 
been lately given in one of the Philoſophical Tranſ- 
ations by Dr. James ſurin, F. R. S. where he has con- 
nd what be aſſerts ? a great many Very Curious 
Experiments. See Phil. Tranſ. Numb. 355. 
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BOO KS Printed for J. S E N EX #n Salis- 
bury-Court, and W. TATLO R at the Ship 
in Pater-Noſter-Row. 


1. HB ſrco- Mechanical Lectures, or an Account of what is 
- Explain'd and Demonſtrated in the Courſe of Mechani- 
cal and Experimental Philoſophy. Given by F. T. Deſaguliers, 
M. A. F. R. S. Wherein the Principles of Mechanics, Hydro- 
ſtatics and Optics, are demonſtrated and explain d by a great 
Number of Experiments. Deſign'd for the Uſe of all ſuch 
af have ſeen, or may ſee Courſes of Experimental Phi- 
010 h | 
| 5 Sir Iſaac Newton's Mathematick Philoſophy more eafily 
demonſtrated ; with Dr. Halleys Account of Comets Iluſtrared, 
Being Forty Lectures, Read in the Publick Schools at Cam- 
bridge. By William Whiſton, M. A, Mr. Lucas's, Profeſſor of 
the Mathemaricks in that Univerſity. For the Uſe of the 
Students there. In this Engliſh Edition, the whole is cor- 
rected and improv d by the Author. e 
3. The Elements of Euclid, with ſelect Theorems out of 
Archimedes. By the Learned Andrew Tacquet. To which are 
added, Practical Corollaries, ſhewing the Uſes of many of the 
Propoſitions. The whole abridg'd, and in this Third Edition 
publiſh'd in Engliſh, 
4. Aſtronomical Lectures read in the Publick Schools at 
Cambridge, Whereunto is added, a Collection of Aſtronomi- 
cal Tables ; 005 thoſe of Mr. Hamſteed, corrected; Dr. Hal- 


ey, Monfieur Caſſini, and Mr. Street. For the Uſe of young 
Students in the Univerſity, And now done into Engliſh. 

3. An Account of a Surprizing Meteor ſeen in the Air, 
March 1715, at Night, Containing, . 1. A Deſcription of this 
Meteor, from the Author's own Obſervations, 2. Some 
Hiſtorical Accounts of the like Meteors before ; with Extracts 
from ſuch Letters and Accounts of this, as the Author has re- 
ceiv'd. 3. The principal Phznomena of this Meteor. 4. 
Conjectures for their Solution. 3. Reaſons why our Solutions 
>= © imperfect. 6. Inferences and Obſervations from the 
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8. The Religious Philoſopher : Or, The right Uſe of Con- 
complating che Works of the Creators 1. In che wonderful, 
| life of Animal Bodies, and in patticular Man. 2. In the 
no lefs wonderful and wife Formation of the Elements, and 
2 various Effects u *r —_— and Vegetable Bodies. 
a the moſt Init £5 ure of the Heavens, wich, a 
$ Fürtitute. Deſignd for oe of Arheiſts and "= 
fidels. Throughout which, all the late Diſcoyerics in Ahargmy, 
Philoſophy and Aſtronomy ; together with the various _ 
riments made uſe of to illaſtrate the ſame, axe moſt copiouſl 
handled by that Leatndl Mathemariciin Dr. Merwentyt. aw 
flared from Oc) inal, by John Chamberlayne, — F. R. S. 
To which is prefix d x Letter to the Ttanſfaror; by the Reves 
rend N T. Deſugiliers, M. A. F. R. S. Adotn d with Cuts. 
The Conſtruction of Maps and Globes. In Two Parts, 
Fiſt, -cofftains/ die various Ways of Proje&ting Maps,  exhibi- 
ted in fifteen” differenc Methods, wick their Uſes. Second 


Ineefica! and chanical- Work. IIluſtrated wit eighreen 
Plates. To which is added an Appendix, wherein the 
—＋ ts Geography is conſidet d. Being a ſenſonable 
| into Maps, Books of Geography and Travel. Juter- 
mix eh ſonic neceſfary Caution Helps and Directions for 
Aature dfup makers, «Geographers, and Travellers. | © 
Clavis U,ure ; Or, A Rey ro Intereſt both Simple and cn 
Conrzining Practical Rules, plainly” expreſs d 
708 # Length; whereby all che v. yo "Cafes of rheereſt, 
Am Atmuitics, or Leaſes acer in PoffaAon, or Reverfion, 
and parthaſing Free hold Eſtrtes, vor: mily very eaſily be re- 
ſolvd, both by the Pen and a ſmall Table Logarirhms, 
Hefennro 0 for” all Bates of Intereſt and Times of Pa 
ments whatfoever, Muftrated by Yar of Examples, To 
which is added Rules to be obferv'd in imating the Value 6f 
Amüties, or Leaſes, and Inſurances for Lives, Cc. Alſo, The 
. —5 of Debate or Diſcompt, and the Equation of Pay- 
— Be ufefal for Merchants and 4 Dealers) is here 
truly derermin'd.” By 


2 — * Analyſis quationum rer e cut etiam annexum eſt, ; 


de an ente infinito conamen Mirhemarico Meta- 


rio 
Eye. Authore Joſephs Ralphſon, K. zl. & Reg: Sor. 
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Focio- 
e Demonftn ib de Deo, five Mertodas 2d Cognirionent Dei 


nnttralem Brevis c demonſtrativa. Cui accedunt Epiſtolz 
quædam Miſcellaneæ de animæ natura & Immortalititæ, de 


veritate Religionis Chriſtianz, De Univerſo, &c. 
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at the Ship in Pater-noſter-Row: 
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1. T)#ilips's World of Words, or Univerſal Engliſh Dictibnary. 
2, _— The ſame in O#avs, Abridged and Improved: 
By F. Kerſey. | | ; : ; ot: 5 
3. Dr. Salmon's Engliſh Herbal, or Hiſtory of Plants, adorhed 
with Figures of the moſt conſiderable Species, repreſenting to 
the Life the true Forms of thoſe ſeveral Plants in an Alphabeti- 
cal Order, EE . 
4. Mr. Bayle's large Hiſtorical and Critical Dictionary, in 4 Vol. 
5. Bp. H pkins's Works, collected into one Volume. 
6. Arch-Biſhop Uſber's Life and Letters. 33 
7. Heylin's Coſmography, or Deſcription of the whole Earth, , 
8. The Works of the Reverend and Learned Dr. Iſaac Barrow} 
ſometime Maſter of Tyinity College in Cambridge, with ſome Ac- 
count of his Life. Publiſhed by Archbiſhop Tillatſon. N. B. 4 
tew done on large Papet: | 3 
9. A Report from the Committee of Secrecy, appointed by Ot- 
der of the Houſe of Commons, to examine ſeveral Books and 
Papers laid before the Houſe, relating to the late Negotiations 
of Peace and Commerce, c. Reported on the ↄth of June, 
1715. By the Right Honourable Robert Walpole, Eſq; Chair- 
man of the ſaid Committee. Publiſhed by Order of the Houſe 
of Commons. With an Appendix of Original Papers. 
10. Votes from the Beginning of the preſent Parliament to 
this Time. . AT 
11. Sacred Geography, contained in ſix Maps. 1. Shewing the 
Situation of Paradiſe, and the Country inhabited by rhe Patti- 
archs. 2. The peopling the World by the Sons of Noah, and, 
Jraelites journying in the Wilderneſs. 3. A Plan of the City of 
8 with a View of Solomon's Temple, and all the facred 
Utenſils therein. 4. The Holy Land divided into the twelve 
Tribes of Iſeael, in which is exactly traced our Sayiours Travels. 
& The Land of Canaan. 6. The Travels of St. Paul, and . 
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reſt of the Apoſtles. The whole very uſeful for the better un- 
derſtanding the Holy Bible. | 
12. Vitruvius Britannicus, or the Brittiſh Architect, containi 
the Plans, Elevations and Sections of the Regular Buildings, bo 
blick and private, in Great Britain, with Variety of new De- 
in two Hundred large Folio Plates, engraven by the beſt 


Hands. In two Volumes. All delineated from the Buildings, 


or from the original Drawings of the Architects, who have moſt 


generouſly promoted this uſeful Work. By Mr. Campbel. 

3. The Engliſh Atlas, conſiſting of Thirty one Maps, viz. Eu- 
rope, 4a, Africa, America North and South, Great Britain, Ire- 
Ten Spaniſh Provinces, Flanders, Artois, Hainault, with the 
Country about Namur and Cambray, the Seven United Provin- 
ces, France, the Country about Paris, Spain and Portugal, Caſtile 
New and Old, Italy, Germany, Denmark, Sweden, Poland, Hun- 
gary, Muſcory, Turky in Europe, Turkey with Arabia and why a 
the antient Geography of that Part of Africa which formerly flou- 
riſhed, the Beginning of the Roman Empire, Greece North and 
South. The whole very uſeful for the better underſtanding an- 
tient and modern Hiſtory. To which is added Mr. Mhbiſton's 
Scheme of the Solar Syſtem, with the Orbits of the Planets and 
Comets belonging thereunto, defcribed from Dr. Halley's accu- 
rate Table of Comets, founded on Sir Iſaac Newton's wonderful 
Diſcoveries. The Maps are corrected from the Obſervations of 
the Royal Society of London and Paris, By Fobn Senex and Fobn 
Maxwell. 
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bh QUART 0. 
I. I pry de Deo ; five Methodus ad cognitionem Dei Na- 


turalem, brevis ac demonſtrativa. Cui accedunt Epiftols 
_ m e de Anime Natura & Immortalitate, de Veritate 
gionts Chriſtiane, de Univerſo, &fc. Authore Foſepho Raphſon, 
A. M. & 22 Coco. Fn Adil 19 
2. Analyſis Æquationum, Ec. ab eodem Authore, 

3. An Univerſity Oration concerning the different Fates of the 
Chriſtian Religion, ſpoken in the publick Act of the Univerſity 
of Geneva, the 11th Day of May, 1708. By John Alphonſus Tur- 
retin, Profeſſor of Divinity and Eccleſiaſtical Hiſtory. The Se- 
eond Edition. To which is added, Dr. Nicholls's Thanks to 
Mr. Turretin; written by Order of. the Society for Propagation, 
for his Oration of the ditterent Fates, dedicated to them. 
An Oraticn of compoſing the Differences among Proteſtants, 

wherein the Points in Controverſy between the Lutherans and 
Calciuiſts are ſtated, and a Method of Reconciliation propoſed, 

Sc. By the ſame Author. | 
5- The Theory and Practice of Gardening: Wherein is fully 
handled all that relates ro fine Gardens, commonly called Plea- 
tae Gardens ; as Parterres, Groves, Bowling-greens, c. Con- 
| | taining 


ti 8 he Fourth Edition. 
- 6. 


taining divers Plans and general Diſpoſitions of Gardens; new 
Deſigns of Parterres, Groves, Graſs-plots, Mazes, Banqueti ö 
Rooms, Galleries, Portico's, and Summer-houſes of 1 

Terraſſes, Stairs, Fountains, Caſcades, and the like Ornaments, 
of Uſe in the Decoration and Embeliſhment of Gardens. With 
the Manner of laying out the Ground, cutting the Terraſſes, 
and of drawing and executing all manner of Denon, accordin 

to the Principles of Geometry. The Method of Planting, an 

railing in a little time, all the Plants requiſite in fine Gardens. 
Alſo that of diſcovering Water, conveying it into Gardens, and 
of making Baſonsgand Fountains for the ſame. Together with 


| Remarks and General Rules in all that concerns the Art of Gar- 


dening. Done from the French Original, printed at Paris, Anpo 
1709, By Jobn Fames of Greenwich. 


OCTAVO and TWELVES, Sr. 


I. The Works of Dr. Archibald Pitcairn; wherein arediſcovered 
the true Foundation and Principles of the Art of Phyſick: With 
Caſes and Obſervations upon moſt Diftempers -and Medicines. 
Done from the Latin Original. To which is prefixed, ſame Ac- 
count of the Author's Lit. There is alſo added, his Method of 
curing the Small-Pox, written in the Year 1704. for the Ule of 
the noble and honourable Family of March. | 

2. Aſtronomical Lectures, read in the Publick Schools at Cam- 
bridge, by William Whifton, M. A. Mr. Lucas's Profeſſor of the 
Mathematicks in that Univerſity, Whereanto is added a Col- 
lection of Aſtronomical Tables; being thoſe of Mr. Flamſtead, 


corrected; Dr. Halley, Monſieur Caſſini, and Mr. Street; for the 


Uſe of young Students in the Univerſity. And now done into 
Engliſh, +». 

3. Memoirs of the Life of Count de Grammont : Containing 
in particular, the amorous Intriegues of the Court of England, 
in the Reign of King Charles II. Tranflated from the French by 
Mr. Boyer. TheSecond Edition: To which is added a compleat 


Key. 


4. The Art of Painting; By C. A. du Frenoy : With Remarks: 
Tranſlated into Engliſh, with an Original Preface, containin 


a Parallel between Painting and Poetry: By Mr. Eryden. As alſo 


a ſhort Account of the moſt eminent Painters, both Antient and 
Modern. By R. G. Eſq; The Second Edition correfed and 
enlarg'd. To which 1s prefix'd a Poem, by Mr. Pope. 

5. TheOdes, Satyrs, and Epiftles of Horace. Done into Eng- 


he Life andPofthumous Works of Arthur Maynwaring, Eſq; 


* 


Caontaining ſeveral original Pieces and Tranſlations, in Prole 
and Verſe, never before printed. To which is added, ſeveral 
Political Tracts witten by him, before and after the Change of 
the Miniſtry . | . 


A 2 7. Sermons 


7 


18. The Adver 


| ona) Informations of moſt of the Nobility. In two Parts. 
3 955 ER 5%, |; 


7. Sermons on ſeveral Subjects, viz. 1. Godlineſs the Deſign of 
the Chriſtian Religion. 2. Of Patience and Submiſſion to Au- 
and 4. Of the Wiſdom and Goodneſs of Providence. 


wy. 
5. Of Religious Melancholy. 6. Of the Neceſſity of Holineſs in 


order to Happineſs. 7. Of the Immortality of the Soul. 8. On 
the Thankſgiving for King William's Deliverance from the Aſſaſ- 
Tination. 9. Miniſters muſt exhort People to pray for Kings and 
Magiſtrates. 10. The Objections againſt the Duty of Prayer an- 
Twered. * 11. A Sermon before the Queen on her Inauguration 
Pay: 12. Of the Truth and Excellency of the Goſpel. By the 
ight Reverend Father in God, Fobn, {od Riſhop of Ely. 
The Elements of Euclid, with ſele& Theorems out of Archi- 
predes, by the Learned Andrew Hacquet. To which are added, 
Practical Corollaries, ſhewing the Uſes of many of the Propoſi- 
tions, The whole abridg'd, and in this Third Edition. Pub- 
liſh'd in Engliſh, by William Whifton, M. A. Mr. Lucas's Profeſ- 
for of the Mathematicks in the Univerſity of Cambridge. 
9. Pietas Londinenſis: Or, The Preſent Eccleſiaſtical State of 
Londan; containing an Account of all the Churches and Chapels 
of Eaſe, in and about the Cities of London and Weſtminſter, of the 
ſer Times of their publick Prayers, Sacraments and Sermons, both 
ordinary and extraordinary: With the Names of the preſent 
Dignitaries, Miniſters and Lecturers, thereunto belonging. To- 
r with Hiſtorical Obſervations of their Foundation, Situa- 
tion, antient and preſent Structure, Dedication, and ſeveral o- 
ther Things werthy of Remark. To which is added a Poſtſcript, 
recommending the Duty of Publick Prayer: By Fames Pater- 


8.1 tures of Telemachut, the Son of Ulyſſes. In Ten 
"Books. © With the Adventures of Ariſſonoms. Written by the 
Archbiſhop of Cambray. Done from the New French Edition, by 
Mr. Orell. Adorn'd with Twelve Cuts, and a Map of Telema- 


+ 
* 


Jon, A.M. 


cbus's Travels. All — 2 engraven by Mr. Vandergucht. 


11. The Hiſtory of the Reign of King Charles I. Containing 
2 more particular and impartial — of the Rebellion and Ci- 
vil Wars than has yet been publiſhed ; colleced from private 
Memoirs and authentick Papers, and compar'd with Clarendon, 
Ruſtworth,” &c. Written in French by Monkton de Larrey, Coun- 


ſellor of the Court and Embaſſies, and Hiſtoriographer to the 


King of Pruſſa. In two Vol. | 

2” 3% The Neg of England: Or, an Hiſtorical and Genealo- 
een Account of the preſent Nobility. Containing the Deſcent, 
Creations, and moſt remarkable Actions of them and their An- 
ceſtors. Alſo, the chief Titles of Honour and Preferment they 
<a enjoy; with their Marri and Iffue, continued to this 
Time, and the Paternal Coat of Arms of each Family, Engrav'd 
and Blazon d. Collected as well from our beſt Hiftoria:;s, Pub- 


— Records, and other ſuſſicient Authorities, as from the per- 
Third 
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Ser e 


pleaſantly repreſenting ſeveral | 


Third Edition corrected, and very much enlarg'd with many 


valuable Memoirs, never before printed : And an Account of 


thoſe Families advanc'd by his preſent Majeſty King GEORGE. 
To which. is alſo added, a general Index of the ſeveral Families 
of Great Britain and Ireland, &c. allied by Marriages or Inter- 
marriage to the noble Families mention'd in this Work. 

13. ; Enquiry into the Nature and Place of Hell. By Tobias 
Swinden. FR | 

14. The Penitential Diſcipline of the Primitive Church, for the 
firſt 400 Years after Chriſt : Together with its Declenſion from 
the fifth Century downwards to its preſent State, me re- 
preſented, By a Presbyter of the Church of Engla 

15. The Devout Communicant exemplify'd in his Behaviour 
before, at, and after the Sacrament of the Lord's Supper; practi- 
cally ſuited to all the Parts of that ſolemn Ordinance. The 
Ninth Edition, corrected, and very much amended. 

16. Wit's Commonwealth: Or, a Treaſury of Divine, Moral, 
Hiſtorical and Political Admonitions, Similes and Sentences. 
For the Uſe of Schools. Newly Corrected and Enlarged. 

17. Twenty Two Select Colloquies out of Eraſmus Roterodamus, 

—— Levities, that were 
crept into the Church of Rome in his Days. By Sir Roger L E- 
ſtrange, Kt. To which is added ſeven more Dialogues, with 


— 


the Life of the Author. By Mr. Tho. Brown. 0 
18. Memoirs concerning the Affairs of Scotland, from 
Anne s Acceſſion to the Throne, to the Commencement of the 
Union of the Two Kingdoms of Scotland and England, in May, 
1707. With an Account of the Origine and Progreſs of the de- 
fign'd Invaſion from France March, 1708. With ſome Reflecti- 
ons on the antient State of Scotland. To which is prefix d an 
Introduction, ſhewing the Reaſons for Publiſhing theſe Memoirs 
at this Juncture. The Third Edition. To which is added an 
Appendix. 

19. An Account of the Affairs of Scotland, relating to the Revo- 
lution in 1688. as ſent to the late King James II. when in France. 
By the Right Honourable the Earl of B——. Never before 


printed. Being a Supplement to the Memoirs of Scotland. 


20. Memoirs of North Britain; taken from authentick Writings, 
as well Manuſcript as Printed. In which is prov d, that the Scots 
Nation have always been zealous in the Defence of the Prote- 


fant Religion and Liberty. Containigg, 1. An Account of the 


Cruelties exercis d by the Tories, againſt the Proteſtants, in King 
Charles's and King James s Reigns. 2. Of the Trials and Mur- 
der of the Earl of Argyle, and Robert Bailie of Jerviſewood, Eſq; 
3. Of the Revolution, and Dundee s Rebellion. 4. Of Glenco's 
Death, and Darien Colony, with a Vindication of King William's 
Honour and Juſtice therein. 5. Of the Deſigns of the Facobites 
in oppoſing the Union, and of their InvaſionPlot after it. 6. The 
Agreement between the Engliſh and Scots Tories, ſince the Change 
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. Richard Boulton, late of Brazen - Naſe College in Oxford. 


| yy Old Miniftry, in their Attempts againſt the Proteſtant Suc- 
21. The Hiſtory of the Wars of his preſent Majeſty Charles XII. 
King of Seveden, from his firſt Landing in Denmark, to his Re- 
turn from Turkey to Pomerania. By a Scots Gentleman in the 
Swediſh Service. * | | 
* 22. The French Inquiſition: Or, the Hiſtory of the Baſile in 
Paris, the State Priſon in France. In which is an Account of the 
Manner of the apprehending of Perſons ſent thither ; and the bar- 
barous Uſage they meer with there. As alſo an Account of the 
lewd Lives and ſtrange Adventures of ſeveral Priſoners, but more 
particularly of fome Prieſts. Written by Conſtantine de Renneville, 
who was a Priſoner there Eleven Years. Tranſlated from the 
Original, printed at Amferdam. | 
23. A New Journey to France, with an exact Deſcription of the 


- Sea-Coaft from London to Calais, and of the Roads thence 


to Orleans, and back again to Dieppe : Giving an Account of the 
prefent Condition of that Country. Intermi xt with ſeveral di- 
verting Adventures and Tranſactions that happen'd there lately. 
The whole very pleaſant and uſeful for ſuch as travel that way. 

24. The Marquiſsof Langallery's Memoirs; containing the moſt 
ſecret Intrigues of the French, Spaniſh, and Bavarian Courts; and 
the moſt remarkable Battles, Sieges, &c. in Germany, Spain, and 
Flanders; Thtermixt with ſeveral original private Letters, never 
before made publick, continued down to this preſent Time. 

25. The whole Art of Surveying and Meaſuring Land made eaſy. 
chewing, by plain and practical Rules, how to ſurvey, protract, 
caſt up, reduce, or divide any Piece of Land whatſoever ; with 
new Tables for the Eaſe of the Surveyor in reducing the Mea- 
fares of Land. Moreover, a more eaſy and ſure Way of Survey- 
ing by the Chaip, than has hitherto been taught. As alſo, how 
to lay out new Lands in America, or elſe where; to make a per- 
fect Map of a 1 or or Harbour; with ſeveral _ 
Things never blifth'd in our Language. obn Love. 
The Third Edition! with Additions. x * * 

26. Meditations of a Divine Soul; or the Chriſtian's Guide, 
amidft the various Opinions of a vain World; wherein are Argu- 
ments to prove there is no material Fire in Hell. The ſafeſt Way 
to Happineſs made known ; with an ingenuous Recantation of a 
greater Proficient in the School of Atheiſm, than the late Earl of 
Recheſter ;\ and feveral = curious Subjects muy of Note. 
To which'is added, an Effay of a retired ſolitary Life ; with an 
Afﬀter-thought on King Wilkam III. : 

2 7. A Syſtem of Rational and Practical Chirurgery; wherein 
all the general Intentions, whether Natural or Artificial, are ac- 
— the and explained, according to the uſcular Phitoſo- 
phy, and the evident Qualities of Medicines : To which is ad- 
ded an Index of Medicines, and their evident Qualities. By 


28, Gratn- 


28. Grammar Diſputations ; or, an Examination of the Eight 
Parts of Speech, by way of Queſtion and Anſwer, Engliſh and 
Latin ; whereby Children in a very little Time will learn not 
only the Know of the Grammar, but likewiſe to ſpeak and 
write Latin. By Richard Hogarth, Schoolmaſter. | 

29. Georgii Buchanani Scott ad Viros ſui ſeculi Clariſſimos, eorumque 
ad eundem, Epiftole, ex MASS. accurate deſcripte, nunc primum in lu- 
cem editæ. 

30. Private Thoughts upon Religion, in Two Parts compleat. 
By the Right Reverend Father in God, William Beveridge, D. D. 
late Lord Biſhop of St. Aſaph. Written in his younger Tears, for 
the ſettling of his Principles, and the Conduct of his Life. IIluſtrated 
and adorned with Sculptures. c 

31. Miſcellanea Antiqua : Containing, (I.) The Life and Death 
of King Fames V. of Scotland, in which 1s the Beginning of the 


Reformation in that Kingdom: An Account of the Sufferings of 


the renowned Lady Fane Douglaſs, &c. (2.) The Navigation 
of that King round Scotland, the Orkney and Weſtern Iles, c. 
(3.) The Camelion, or Crafty Stateſman. By George Buchanan. 
Never before publiſhed. 

32. PerſpeFive made eaſy: Or, The Art of repreſenting all man- 
ner of Objects, as they appear to the Eye, in all Scituations; con- 
taining the Elements of ing and Painting: Hluſtrated with 
above Fifty Figures in Copper. Written originally in Ry 
Father Lamy, and tranſlated by an Officer of Her Majeſties Ord- 
nance, 

33. The Path to Liberty: Or, the Method of Man's Redemption 
by our Lord and Saviour Feſws Chriſt. By Tho. Racubone, I. A. 
With a Recommendatory Preface by Dr. Edwards, Principal of 
Feſus College, Oxon, 

34. Mr. Hoadly's Meaſures of Submiſſion to the Civil Magiſtrate 
enquired into, and diſprov'd : Wherein is ſhewn, that Mr. Hoad- 
ly has by no means proved the Lawfulneſs of forcibly reſiſting 
the Supreme Magiſtrate in any Caſe ; but after all he has ſaid to 
the contrary, the Apoſtle's Doctrine ſtill holds true, That <uhoſo- 
ever reſiſteth the Power, reſiſteth the Ordinance of God; and they that 
reſiſt, 2 receive to themſelves Damnation. by a Presbyter of the 
Church of England. 3 | 

35. Græcæ Sententiæ e wvariis Grecorum Libris hinc inde excerptæ, 
quibus inſuper addunter aurea Carmina Pythagoræ, cum Epitaphio A- 
donidis, ana cum Latina Verſione deVerbo ſere reddita; quam ſequitur 
Tabula, in qua, ad quam Orationis partem ſingula pertinent Voca- 
bula indicantur; Et ad quod in Grammatica Græca Exemplum, ſeu 
Nomen, ſeu Verbum, ſeu Participium ſit, ſormandum eſt, indigitatur. 
| - 4 = eorum qui imprimis ſunt Græcurum literarum rudes. Opera 

R. A.M. 

36. Hiſtoriæ Sacre Libri . In quibus narrantur ves geſte veterum 
Patriarcharum, Fudæorum E Chriſtianorum, a primo mundi origine, 
uſque ad Excidium Hieroſolyhmitanum. Per Guil. Nichelfium. 1» 
uſum Scholarum & Fuventutis Chriſtians, 37. Gu 


of Offtentation, of Murmuring, of fooliſh 


37. Gul. Nicholſsi Precbyteri Defenſto Eccleſie Anglicane + In qua 


pla ejus, improbanter. Premittitur Apparatus, qui Hiſtoriam 
Tirrbarum, e Seceſſione ab Eccleſia Anglicana; exortarum continet. 
38. De Chriſto imitando, contemnendifq; Mundi V anitatibus libellus, 
Authore Thoma Kempiſio, libri quatuor, Interprets Sebaſtiano Caſtel- 
liowe, quorum ultimus eſt de Cœna Dominica. Cum Figuris neis. 
39. A Bridle for the Tongue, under theſe following Heads; 
iz. Of prophane Diſcourſe, of Blaſphemy, of Swearing, of Falſe- 
accuſing, of Calumny, of Detraction, of Tale-bearing, of Cen- 
ſoriouſneſs, of Scoffg, of Reproach, of Curſing, of Quarrel- 
ling, of Diſſimulation, of Flattery, of Lying, of Talkativeneſs, 
| 8 of obſcene 
and immodeſt Talk. By Henry Hooton, A. M. ES. 
40. Three ſhort Treatiſes, vz. (I.) A modeſt Plea forthe Cler- 
gy. (2.) A Sermon of the Sacerdoral Benediction. (3.) A Dif- 
courſe publiſh'd to undeceive the People in the Point of Tithes, 
c. Fortnerly printed, and now again publiſh'd, by Dr. George 


41. Bibliotheca Scriptorum Eccleſsc Anglicane : Or, A Collection 
- 1 relating to the Government and Authority of 
1 


42. A thorough Examination of the falſe Principles and falla- 
cious Arguments of a late pernicious Book, ironically intituled, 
The Rights of the Chriſtian Church, &c. By Samuel Hill, Arch- 
Deacon of Wells. 3 

43. The unworthy Non-communicant. A Treatiſe ſnewing 
the | of neglecting the Bleſſed Sacrament of the Lord's 
Supper: By William Smithies. 

44-: An Antidote againſt the pernicious Errors of the Anabap- 
tits, or of the Dipping-Se&t: By Marius D'Aſieny, B. D. 

45. Clavis Uſure : Or, a Key to Intereſt both Simple and Com- 

und, containing Practical Rules, plainly expreſs'd in Words at 

: Whereby all the various Caſes of Intereft and Annuities, 


or Leaſes, either in Poſſeſſion or Reverſion, and purchaſing 


— Eſtates, &c. may very eaſily be reſolved. By Fob» 
ar pe 5 
46. The true Amazons; or, the Monarchy of Bees; being 2 
new Diſcovery and Improvement of thoſe wonderful Creatures; 
that with laying out but of four or ſive Pounds, in three or four 
Years, if the Summers are kind, you may get 30 or 40 Pounds 


fer Annum. Alſo how to make the Engliſh Wine, or Mead, e- 


qual, if not ſuperiour to the beft of other Wines. By Foſepb 
Warder, of Croydon, Phyſician. 6. 14 

47. A Demonſtration of the Exiſtence, Wiſdom, and Omnipo- 
tence of God, drawn from the Knowledge of Nature, icu- 
larly of Men, and fitted to the meaneſt Capacity. By the moſt 
Reverend the Lord Archbiſhop of Cambray, Author of Telema- 
chus, and tranſlated by the ſame Hand that Engliſh'd that excel- 
tent Pecs, | | 49. & 


vindicantuv omnia,” que ab Adverſariis in Doftrina, Cultu, & Diſci- 


A convenient Prayer-Book for private and Family Uſe; 
being a Collection of ſome few ſelect Prayers for that pur- 
poſe, out of the publick Li and the Writings of ſome oe 
moſt eminent. Divines of the Church of England. By the Au- 
thor of the Clergyman's Companion. | * fon 
49. The Univerſal Library ; or Compleat Summary of Sci- 
ence : Containing above Sixty ſele& Treatiſes. In two Vol. 
50. The memorablesThings of Socrates, written by Zenophon, 
five Books. To which are prefix d the Life of Socrates, and Xe- 
nophon, collected from ſeveral Authors; with ſome Account of 
his Writings; the Second Edition. By E. Byſhe, Gent. Author 
df the Art of Eneliſu Poetry. | e 
51. The | Importance of a Religious Life conſideted and 
enforced. To which is added; a Morning and Evening Prayer, 
Sc. 4 | - 4 | «22S EF 
52. Medulla Hiſtoriæ Anglicane. The antient and preſent State 
of England; being a compendious Hiſtory of all its Monarchs, 
from the Time of Julius Ceſar to this very Lear; written by 
Dr. Howell, and continu'd by an impartial Hand. And now itt 
this Sixth Edition illuſtrated with Sculptures, whith ſerve the 
better to imprint on the Memory, and the eaſier to find out the 
moſt remarkable Paſſages in the Hiſtory, RE 
53. Boetius of the Conſolation of Philoſophy, in five Books; 
made Engliſh and illuftrated with Notes. By the Right Honou- 
rable Richard Lord Viſcount Preſton, The Second Edition cor- 
rected. | : | 2 85 
54. The Compleat Fencing-Maſter. The third Edition. By 
Sir W. Hope, Kt. | 
55. Miſcellanea Sacra : A Collection of Divine Hymns and 
Poems on ſeveral Occaſions. By the Earl of Roſcommon, John 
Dryden, Eſq; Mt. Dennis, Mr. Norris, Mrs. Kath. Phillips, &c. 
Publiſh'd by Mrs. Singer. it . 
56. The Travels of the Learned Father Montfaucon thro' Italy 2 
Containing, (I.) An Account of many Antiquities at Vienna, 
Arles; Niſmes, and Marſeilles in France. (2.) The Delights of 
Italy, viz. Libraries, Statues, Paintings, Monuments, Tombs, 
Inſcriptions, Epitaphs, Temples, Monafteries, Channters, &*c. 
(3.) Collection of Rarities, wonderful fubterraneous Pa | 
and Burial Places, old Roads, Gates, &. Made Englih from 
the Paris Edition; adorned with Cuts. Shang : 
57. The Swordſman's Vade mecum; or, a Prefervative againſt 
the Surptize of a ſudden Attack with Sharps; being a Reduction 
of the moſt Eſſential, Neceſſary,” and Practical Art of Fencing, 
into a few ſpecial Rules, with their Reaſons. By Sir W. Hope. 
58. The Art of ſpeaking. Written in French by Aeſſieurs du 
Port Royal : In purſuance of a fotmer Treatiſe, entitul d, The Art 
2 2 Render d into Zngliſb. The ſecond Edition. cor- 


” 


$9. A compleat Hiſtory of Magick, Sorcery, and Witchcraft; 
containing, 1. The moſt authentick and atteſted Relations 
of Magicians, Sorcerers, Witches, Apparitions, Spectres, Ghoſts, 
Dzmons, and other preternatural Appearances. 2. A Colle&i- 
on of ſeveral very ſcarce and valuable Trials of Witches, parti- 
cularly that famous one of the Witches of Marboyſe. 3. An Ac- 
count of the firſt Riſe cf Magicians and Witches, ſhewing the 
Contracts they have made with the Devil, and what Methods 
they take to accompliſh their infernal Deſigns. 4. A full Con- 
futation of all the Arguments that have ever been produc'd a- 
gainſt the Belief of Apparitions, Witches, Sc. With a Judy. 
ment concerning Spirits. By the late Learned Mr. Fohn Lock, 
© 60. The Meaſures of Chriſtian Obedience: Or, a Diſcourſe 
ſhewing what Obedience is indiſpenſably neceſſary to a regene- 
tate State, and what Defedts are conſiſtent with it; for the Pro- 
motion of Piety, and the Peace of troubled Conſciences: By Fohn = 
Xittlewell, late Vicar of Coles-Hill in Warwickſhire. The Sixth 
Edition corrected. | | 
. The Annals of King George, Year the Second: Being 21 
faithful Hiſtory of the Affairs of Great Britain for the Year 1716. 
"Containing alſo a full and compleat Hiftory of the Rebellion. 
Vol. the 2d. ; 
- "62. The Curſe of Popery, and Popiſh Princes, to the Civil 
Government, and Proteftant Church of England, demonſtrated | 
from the Debates of Parliament in 1680. relating to the Bill of 
Excluſion of the then Duke of York : With an Introduction ſhew-M | 
Ing the Progreſs of Popery from the Reformation to this preſem { 
1 
1 


Time. 
63. The r ap Works of the Honourable Robert Beyl, 
Eſq; epitomized. three Volumes. Vol. I. containing the 
- Author's Life, and the Reconcileableneſs of Reaſon and Reli. 
ion. Vol. II. The Chriſtian Virtuoſo: A free Enquiry into 
Notion of Nature: A Diſquiſition of Final Cauſes : Occaſio- 
nal Reflections ard Meditations. Vol. III. The Excellency o 
Theology above Natural Philoſophy : Style of the Scriptures: 
The Poſhbility of the Reſurrection: The Veneration due to 
God: Of Things above Reaſon: The Martyrdom of Theodor! 
and Didymus: Seraphick Love. By Richard Boulton, late d 
| . College in Oxford, who epitomized his Philoſophi 
Wo | | | 
64. The Art of Midwifery improved. Fully and plain! 
« 4 faxing down whatever — are — rg ankien con 
_ pleat Midwife ; and the many Errors in all the Books hithen 
written upon this Subject clearly refuted. IIluſtrated with 53 
Cuts curiouſly engraven on Copper Plates, repreſenting in the 
aue Proportion the ſeveral Poſitions of a Fu. Alſo a new Me 
od, demonſtrating, how Infants ill fituated in the Womi 
whether obliquely or in a ftrait Poſture, may, by the Hand ot 
ly, without the Uſe of any Iuſtrument, be ek into __— 
f 1 OUTLOT 


Poſition, without hazarding the Life either of Mother or Child. 

Written in Latin by Henry a Daventer : Made into Engliſh. To 
which is added, a Preface giving ſome account of this Work, by 
an eminent Phyſician. | | | | 

65. Poems on ſeveral Occaſions : By the late Reverend Mr. 
Pomfret, viz, 1. The Choice. 2. Love triumphant over Rea- 
ſon. 3. Cruelty and Luſt. 4. On the Divine Attributes. 5. A 
Proſpect of Death. 6. On the Conflagration, and enſuing Judg- 
ment, Cc. The Fourth Edition corrected. 

66. Phyſico-Chirurgical Treatiſes of the Gout, the King's 
Evil, and the Lues Venerea + Giving a rational Account of the 
Origin of thoſe Diſtempers, as likewiſe of the Origin of their 
Cauſes, their Increaſe, Progreſs and Symptoms; as alſo of their 
Methods of Cure, different from what hath been hitherto pro- 
poſed, with their Differences, Diagnoſticks and. Prognofticks ; 
and an Account of a particular Medicine, which in a little Time 
removes the Pain of the Gout, which we have not kept as 2 
Secret, but communicated for the Uſe of the Public. To 
which is added, an Eſſay of the Reaſon of Intermitting Fevers, 
and the Effects of the Cortex Peru, with the Method of Cure, by 
that as well as other Medicines: The Second Edition. By 
Richard Boulton, late of Brazen-noſe Colleve, Oxon, , 

67. Puffendorff's Law of Nature and Nations, abridg'd from 
the Original: In which the Author's entire Treatiſe (de Officio 
hominis & Civis) that was by himſelf deſign'd as the Epitome of 
his larger Work, is taken. The whole compared with the re- 
ſpective laſt Editions of Mr, Barbeyrac's French Tranſlations, and 
illuſtrated with Notes. By Fg Spavan, M. A. In two Vo- 
lumes. fe: 

68. Catechumenorum Ductor : or, an Inſtruction to young Per- 
ſons in the Grounds and Principles of the Chriſtian Religion: 
In a plain and familiar Expoſition of the Church Catechiſm, by 
way of Queſtion and Anſwer: For the Uſe of all Perſons, and 
Children in general; eſpecially thoſe of the Charity Schools. 
Collected from the Writings e beſt Catechiſts, and moſt ap- 
proved Di vines of the Church of England. By a Divine of the 
Church of England. | : 

69. Plautus's Comedies, 4mphitryon, Epidieus, and Rudens, 
made Engliſh, with critical Remarks on each Play. By Lau- 
rence Ech ird, M. A. The ſecond Edition corre&ed. , | 

70. A Diſcourſe concerning God; wherein the Meaning of 
his Name, his Providence, the Nature and Meaſure of his Do- 
minion, are conſidered ; with ſome Remarks upon the Rights of 
the Creatures, and the Doctrine of abſolute Reprobation. To 
which is ſabjoin'd a Tranſlation of Sir Iſaac Newton's General 
Scholium at the End of the ſecond Edition of his Principia, con- 
cerning the Carteſian: Vortices, and concerning God; as alſo a 


Mort Account of the Cape of Good Hope. By Fohy Maxwell. 
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71. A Diſcourſe of God's Fore-Know! and Man's Free- 
Agency, wherein their ſeeming Op faber i. reconciled, = 
zeal Conſiſtency demonſtrated from the Holy Scriptures, and Ar- 
aig thence deduced. The Fourth Edition, reviſed and cor- 
= | I 


72. Seneca's Morals by way of Abſtract. To which is added, 
A Diſcourſe under the Title or an After-Thought. By Sir Ro- 
g L'Eftrange, Knt. The Tenth Edition. | 

73. Memoirs of Ireland, from the Reſtoration to the preſent 
Times, containing an Account of the Deſigns of the Popiſh 
Faction in England and Ireland to ruin the Proteſtant Intereſt 
there, by breaking the Act of Settlement, and other Acts made 
for its Security. (2.) A Conſpiracy to maſſacre the Proteſtants, 
1674. (3.) A Plot for a French Invaſion, and to betray the ſtrong 
Cities and Ports to the Invaders. (4.) The Debates concerning 

e Plot in the Parliament of England, and the Proceedings a- 


. gainft the Earl of Tyrone and others t * Yap (F.) Tyrconnel's 


Fruel and arbitrary Government. (G.) The Tyrannical Reign 
of the late King Fames, and his Treaty with Lewis the 14th, to 
0 up . Kingdom to him. (7.) Some Facts of the Wan 
in Ireland ſince the Revolution, never before printed: With 
Lifts of King Fames's Officers, Civil and Military, of his Po- 
piſh Parliament in 1689. and of K. William's Parliament, 1692. 

” 74 An Account of a ſurprizing Meteor ſeen in the Air, 
March the 16th, 17 C. at Night. Containing, 1. A Deſcrip- 
tion of this Meteor, from the Authors own Obſeryations. 
2. Some Hiſtorical Accounts of the like Meteors before; with 
Extracts from ſuch Letters and Accounts of this, as the Author 
has receiv'd. 3. The principal Phznomena of this Meteor. 
4. Conjectũres for their Solution. 5. Reaſons why our Solutions 
are ſo imperfect. 6. Inferences and Obſervations from the Pre- 
miſes. The Second Edition. By W. Miſton, A. M. | 
'* 75. An humble and ſerious Addreſs to the Princes and States 
of Europe, to admit, or at leaſt openly to tolerate the Chriſtian 
Religion in their Dominions. Containing, 1. A Demonſtration, 
that none of them do, properly ſpeaking; admit or openly tole- 
rate the Chriſtian Religion in their Dominions at this Day. 
2. The true Occaſions, why it is not admitted or openly tole- 
rated by them. 3. Some Reaſons, why they ought to admit, or 


at leaſt 2 rate this Religion. 4. An earneſt Addreſs to 


the ſeveral European Princes and States, grounded on the Pre- 
miſes, for the Admiſſion, or at leaſt the open Toleration of the 
fame Chriſtian Religion in their Dominions. By W. Whiſton, 


16. Sir Iſaac Newton's Mathematick Philoſophy more cally 


demonſtrated, with Dr. Halley's Account of Comets illuſtrated, 
being forty Lectures read in the publick Schools of Cambridge. 
By W. V, ſten, A.M. Mr. Lucas's Profeflor of the Mathematicks 
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77. The fick Man viſited: * plain and familiar Dia- 
logues, wherein is treated of, (1.) The more Remote P 
tion for Death. (2.) Of Patience under Sickneſs and other 
Afflictions. (3.) The fick Man's Settlement for his Tem 
Concerns. (4.) How a Man may judge of his Intereſt in God's 
Favour, either here or hereafter. (5.) Of the more immediate 
Preparation for Death. (6.) The ſick Man's Reſignation to the 
Divine Will ; His 22 Advice to his Family, with Meditati- 
ons and Prayers ſuitable to his Condition for putting him in 
mind of his Change, for ſupporting him under his Diſtemper, 
and for preparing him for, and carrying him through his laſt 
Conflict with Death. By N. Spinckes, a Presbyter of the Church 
78. Shakeſpear's Works, in 9 Vol. 

79. Plays Printed in Pocket Volumes, written by Ben. Fohnſon, 
Etheridge, Otway, Lee, Congreve, Addiſon, Row, Steel, Southerne, 
Cibber, Farqhar, &c. | | | 

80. Ovid's Art of Love, together with his Remedy of Love; 
tranſlated into Engliſh by the moſt eminent Hands. To which 
is added, The Court of Love, a Tale from Chaucer, and the Hi- 
ſtory of Love. By Mr. Hopkins, adorned with Cuts. 5 

81. Ovid's Metamorphoſis, the whole 15 Books made Engliſh 
by the beft Hands, and adomed with Fifteen Copper Plates, cu- 
riouſly Engraved, Printed in two Pocket Volumes. 

82. Ovid's Epiſtles in Engliſh : Tranſlated by ſeveral Hands, and 
Printed after the ſame Manner, as the Metamorphoſis. 

83. The moſt Reverend, the preſent Lord Archbiſhop of Can- 
terbury's Sermons on ſeveral Occaſions, tiz. Of the Qualificati- 
ons required to a profitable Hearing of God's Word, of the Be- 
nefit and Practice of Conſideration, of the Devices of Satan, of 
Stedfaſtneſs in Religion, of the Reaſonableneſs and Terrors of - 
Future Judgment, of the Cauſes of Mens delaying their Repen- 
tance, and the Danger thereof. An Exhortation to mutual Cha- 
rity and Union among Proteſtants, of the Nature and Benefit of 
Publick Humiliation, of contending earneſtly for the Faith, of 
the Nature and End of the Holy Sacrament of the Lord's Supper, 
of the Honour due to the Bleſſed Virgin. x . 

84. A Critical Hiſtory of the DoGrines and Worſhips both 
Good and Evil of the Church, from Adam to our Saviour Jeſus 
Chriſt. Giving an Account of the Origin of all the Idolatries of 
the Ancient Pagans, with the State of the Fewwiſh Church, du- 
ring that Period. Written by the Learned Mr. Furien, and 
faithfully done into Engliſh. The Second Edition. 

85. The Hiſtory of the Revolution in Sweden, occaſion d by 
the Change of Religion, and Alteration of the Government in 
that Kingdom. Written originally in French by the Abbot Ver- 
tat; and now done into. Engliſh by F. Mitchell, M. D. with 4 
Map of Sweden, Denmark, and Norway. The Fourth Edition. 


86. Tat lere, 


$6. Tatlert, 4 Vol. Spefators, 8 Vol. Ladies Library in 
Vol. New Atlentis, in 2 Vol. Milton's Poetical Works, in 2 Vol. 
Ward's Enzlands Reformation, in 2 Vol. Hudibras, Dryden's 
Miſcellany Poems. The Gaurdiaxs, in 2 Vol. The Chriſtian 
Hero. Bona's Guide to Eternity. All Printed on an Elzevir Let- 
ter fit for the Pocket. a | 
87. One Hundred Twenty Eight Sermons and Diſcourſes, 
Bound up in 12 Vol. Written by the late Right Reverend Bi- 
ſhop Beveridge. | 
38. The Life of Her late Majeſty Queen Anne, in which is 
contained the moſt conſiderable Tranſactions of Her Reign, 
both at Home and Abroad; alſo a particular Relation of Her 
Sickneſs and Death, &c. By an Impartial Hand. 
89. Mr. Shuttleworth's Eſſay on a Comprehenſion, which may 
be for the Honour and Intereſt of the Church of Englund. 
90. A Full and Impartial Hiſtory of the Impeachments of the 
late Miniſtry, with the whole Proceedings, Debates and Speech- 
s in both Houſes thereupon, with the Anſwers of my Lord Ox- 
Fs Lord Strafford, &c. By the Author of the Annals of 
Queen Anne. 
91. Mr. Archdeacon Milſon's Commentary on the Revelations, 
giving an Account of the ſpeedy Accompliſhment of ſeveral 
Scripture Prophecies. | 
92. The Trial of the Duke of Norfolk, for attempting to mar- 
ry Mary Queen of Scots; with the Learned Arguments of the 
s and Council, and his excellent Defence throughout the 
whole Tryal, Ec. i 
93. Lady Wincbelſea's Poems on ſeveral Occaſions. 
94. Chronicon Precioſum : Or, An Account of Engliſb Money, 


the Price of Corn, and other Commodities for the laſt 600 Years. . 


Ina Letter to a Student in the Univerſity of Oxford. By the 
Right Reverend Father in God, William, Le Biſhop of Ely. 
95. A Deſcription of the Weſtern Iflands of Scotland. Con- 
raining 2 Full Account of their Situation, Extent, Soil, Pro- 
duct, Harbours, Bays, Tides, anchoring Places, and Fiſheries. 
The Ancient and Modern Government, Religion and Cuſtoms 
of the Inhabirants ; particularly of their Druids, Heathen Tem- 
ples, - Monafteries, Churches, Chappels, Antiquities, Monu- 
ments, Forts, Caves, and other Curiofities of Art and Nature: 
Of their admirable and expeditious Way of Curing moſt Diſea- 
ſes by Simples of their own Product. A, particular Account of 
the ſecond Sight, or Faculty of foreſceing Things to come, by 
. way of Viſion, ſo common among them. A brief hint of Me- 
thods to improve Trade in that Country, both by Sea and Land. 
With a New Map of the whole, deſcribing the Harbours, An- 
ing Places, and dangerous Rocks, for the Benefit of Sailors. 
To which is added, a brief Diſcription of the Iſles of Orkney and 
Shetland. By M. Martin, Gent. The Second Edition very 
much Corrected. ; 8 


96. The Way to be Wiſe and Wealthy : Or, The Efcellen- 


cy of Induſtry and Frugality, as the Due and Regular Exerciſe 
thereof, is the neceſſary Means of procuring the Happineſs of 


this Life, and preparing of that for a Better. Recommended in 


Particular to the Gentleman, Scholar, Soldier, Trader, Artiſi- 
cer, Husbandman, with a ſhort Preface, perſwading all Prote- 


ſtants to lay aſide Party Prejudices, and to Unite and Love one 
another. By Mr. F. S. | 

97. An Hiſtorical Account of all the Tryals, and Attainders 
of High-Treaſon, from the beginning of the Reign of King 
Charles I. Chronologically digeſted, with many material Occur- 
rences for the better Illuſtrating thereof (the Acts of Attainder 
are at Large) to which are added the dying Speeches or Papers 
left by the Suffering Perſons, in Two Vol. in 129. | 

98. The Diſpenſary, a Poem, in Six Canto s. The Seventh 
Edition, with * Deſcriptions and Epiſodes, never before 
Printed. As alſo a Cut prefixed to each Canto. 4 

99. A Compleat Key to the Seventh Edition of th nſa- 

To which iz added, ſeveral Verſes inſerted xi the former 
Edition of the Diſpenſayy, but omitted in the Seventh: Alſo a 
Prologue deſigned for Yamerlain, ſpoke on the Iriſh Theatre. 
By Mr. Moore, written by, Sir Sam. Garth. 8 

100. An Abridgment oFMr. Aſunioles Hiſtory of the moſt 
Noble Order of the Garter: Giving an Account of the Town, 
Caſtle, Chappel, and College of Windſor, with their ſeveral 
Officers, the Ceremonies of Hlections, Inveſtiture and Inftal- 
ments of Knights, the Manner of their Feaſts, the Duties and 
Fees payable on theſe Occaſions. To which is prefixed a Diſ- 
courſe of Knight-hood in General, and the ſeveral Orders Ex- 
rant in Exrope, The whole illuſtrated with proper Sculptures. 

101. Of Contentment, Patience, and Reſignation to the Di- 
vine Will, in ſeveral Sermons on Phil. 4. 11. I bare learned in 
evbatever State I am, therewith to be Content. Printed in a Neat 
Pocket Volume, | | . 

102. The Adventures of Theagenes and Chariclia, a Nomance. 
Done from the Greek of Heliodorus. In Two Neat Pocket Vo- 
lumes. Price 5 5. 

Printed in a Neat Pocket Vol. Proper to be given at Funerals, 

103. Fair Warnings to a careleſs World: Or, The Serious 
Practice of Religion. Recommended by the Admonifions of 
dying Men, and the Sentiments of. all People in their ſerious 
Hours, and other Teſtimonies of an ene Nature. Io 
which is added, Serious Advice to a Sick Perſon, Jy Arch Bi- 
ſhop Tillotſon. As alſo a Proſpect of Death. A Pindarique E, 
ſay, and ſuitable Cuts. . 5 

104. A Funeral Gift: Or, A Preparation for Death, with 


. Comforts a ainſt the Fears of approaching Death, and- Conſola- 


tions ag immoderate Grief, in the Loſs of Friends. Price 
11. | 
105. The 


* 


- 205: The Shepherds Week, in Six Paſtarals. (I.) A 
Or, The Squabble. (z.) Tueſday: Or, The Ditty. (3.) Wed- 
day: Or, The Dumps. (4.) Thurſday : Or, The Spell. 
(J.) Friday: Or, The Dirge. (6.) Saturday: Or, The Flights. 
o which is added, An Alphabetical Catalogue of Names, 
Plants, Flowers, Fruits, Birds, Beaſts, Inſects, and other mate- 
rial Things. By Mr. J. Gay. | 


Tn the Preſi, and will ſpeedily be Publiſhed, 


1. OCotia Illuſtrata : In about gay Copper Plates, deſcri- 

8 bing the moſt celebrated Buildings for Beauty and Anti- 
— in that Kingdom: The Plates are done by the beſt Maſters 
in Europe. | 

2. The Works of St. ee Biſhop of Carthage. Tranſlated 
into Engiiſb by a Learned Divine of the Church of Eneland. 

3. Aftronomical Principles of Natural and Revealed Religion; 
in Nine Parts. (I.) Lemmata: Or, The known Laws of Mat- 
tet and Motion, preparatory to the enſuing Treatiſe. (2.) A 
Parti Account of the S of the Univerſe. (3.) The 
Truth of that $ briefly demonſtrated. (4.) Certain Obſer- 
vations drawn from that Syſtem. (5.) Probable Conjectures of 
the Nature and Uſes of the ſeveral Celeſtial Bodies, contain'd in 
the ſame Syſtem. (6.) The important Principles of Natural Re- 

Iigion, demonſtrated from the foregoing Obſervations. (J.) The 
important Principles of Divine Revelation, confirmed from the 
foregoing Conjectures. ($.) Such Inferences ſhewn to be the 
Common Voice of Nature and Reaſon, from the Teftimonies of 
the moſt conſiderable Perſons in all Ages. (9.) A Recapicula- 
tion of the Whole, with a large and ſerious Addreſs to all, eſpe- 

cially to the Scepticks and Unbelievers of our Age. To which 

3s prefix'd a Preface of the T; emper of Mind neceſſary to the diſ- 
covery. of Divine, Truth, and of the Degree of Evidence, that 
ought to be expected in ſuch Matters. By W. Whiſon, M. A. 
ſometime flor of the Mathemaricks, in the Univerſity of 
Cambridge. 3 : 

4. The Country Gentleman's Vade Alecum; containing an Ac- 
count of the beſt Methods to improve Land, Plowing, and Sow- 
ing of Corn, Reaping, Mowing, c. Hedging, Ditching, and 

Sorts of Husbandry. Of Horſes, Cattle, * to cure Diſ- 
eaſes incident to them; and Inſtructions in Buying and Selling of 
Cattle, breeding of Horſes, &. Of Deer, and Parks, Games, 
' Fiſh and Fiſhing, Fiſhpongs, Ec. Prices of Timber, and all 
. Sorts of Building and Workmanſhip, with the Art of Meaſuring 

the ſame, c. Alſo a Poem in Praiſe of a Country Lift. By 
G. Jacob, Gent. 
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